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ABSTRACT 
This thesis presents the global challenges behind the need of sustainable development. It 
links packaging to this need and describes the way packaging can positively contribute to this 
process. It presents industry examples of “green packaging” that claim to or may actually 
contribute to sustainable development. It monitors the understanding of packaging professionals 
for what is called “packaging sustainability” through a custom made on-line survey. Finally it 
presents a comparison of environmental impacts for different polymer materials used for the 
production of rigid containers (HDPE, PP, PET, PVC and PLA) through an analysis of Life 
Cycle Inventory (LCI) data for different life stages. 
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1.1 Introduction 
Recent developments like the global focus on the environment, the emerging need for 
implementing a sustainable model of development, and  initiatives like the one from Wal-Mart 
with the introduction of their packaging scorecard as a rating system of their suppliers, has made 
‘sustainability’ a buzz word in the packaging professionals community vocabulary. The market 
is eagerly asking for “sustainable packaging” and the professionals of the field are constantly 
challenged to provide solutions that could earn this noble title. Packaging professionals need to 
rise up to the occasion by getting actively involved in the process of improving packaging 
through the creation of sound solutions and the avoidance of “greenwashing.” 
1.2 Business climate 
The concepts of ‘sustainability’ and ‘sustainable development’ have prevailed lately in 
every business field, and this does not exclude packaging industry, where the term “sustainable 
packaging” has been introduced as the equivalent of “green” or “environmental friendly” 
packaging.  
Packaging has been brought to the spotlight of the environmental discussions due to the 
proliferation of global environmental problems, the greatly increased overall environmental 
awareness, the increasing media attention on the single use packaging, the release of award 
winning films such as ‘An Inconvenient Truth’ and its documentary rival ‘11th Hour,’ the 
education and the sensitization of people for environmental issues, the modern life style that 
recognizes its disconnect from nature and is shifting back to “green”, “organic” and “natural” 
way of living, and the significant retailer initiatives -such as Wal-Mart, Tesco, Marks & 
Spencer’s- towards environmentally improved packaging.  
Taking into consideration the general perception of packaging as something excessive, 
wasteful and superfluous, packaging has to prove and empower its sustainable profile. In 
parallel, the volatile economic situation and the overall increase of oil, energy and material prices 
demand forward actions towards cutting down unnecessary packaging and implementing 
solutions in a common direction of resource preservation and process rationalization and 
optimization.  
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In this great era for “packaging sustainability,” companies target to pioneer and to 
associate their brand equity with the new trend. Business organizations will have to rely on their 
packaging professionals to indicate the process and the criteria to be followed in order to make 
packaging more rational, more effective and more environmentally friendly. Packaging 
professionals will have to provide their expertise, their guidance and their sound solutions in 
order to lead the way. 
1.3 Problem definition 
One of the greatest challenges faced today by the packaging community is to define, 
interpret and implement properly and truthfully the term “sustainable packaging” in their 
everyday occupation. Due to the prime, the complexity and the vagueness of the sustainability 
concept, things cannot always be clear when it comes to designing packaging. The great interest 
and focus that “sustainable packaging” has received recently has made the flow of information 
concerning this topic boisterous, in most cases overwhelming the packaging professionals in 
their effort to digest and comply with the new requirements. Converting the broad sustainability 
goals into practical and achievable strategies for the packaging supply chain is prominent for 
succeeding in this process.  
In the framework of sustainability, packaging professionals are prompted not only to 
consider their consumers when they design their bundles, but to extend their visibility to the full 
lifecycle of their packaging and even further, since they will have to consider the welfare of the 
future generations. Their regular perception restricted to the primary role of packaging and how 
it can be made more cost effective is no longer enough. They have to extend their understanding 
in a more broad sense by calculating and evaluating the effect their product has on the economy, 
on society and on the environment. 
Obviously this change of gear that is being requested from the packaging professionals to 
extend their vision from a focused narrow mindset to a holistic viewpoint is a great challenge for 
them and it is not a process that comes naturally. First and most importantly, packaging 
professionals have to understand and realize today’s need for change by getting acquainted with 
the global challenges that humanity is facing, which render sustainable development as a 
necessity for our living. Accepting the need for change is only the first step. Packaging 
professionals need to understand how they influence the economy, the society and the 
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environment through the packaging they design, produce and introduce into the market and 
supply chain. This is the most important, but also the most difficult task for them, since deep 
knowledge and an objective evaluation system is required in order to have the capability to 
assess their decisions. Through this evaluation of packaging the goal is to identify solutions and 
processes that result to improved packaging -and product- solutions and contribute to what is 
being considered as ‘sustainable development.’ 
1.4 Reason and motivation for this study 
‘Sustainability’ may have entered like a storm the vocabularies of corporations as a 
modern business ‘buzz’ word, and a term that everyone tries to link and relate within their 
professional activities. Nevertheless the pure essence and concept behind sustainability is 
something that must not go unnoticed. Protecting the environment, the society and the economy 
in order to provide to the future generations’ equal opportunities to meet their needs is a noble 
cause, and this should be the essence and the primary motivation behind anything that has to do 
with the sustainability concept. This is the principal foundation behind this study, where an effort 
will be made to throw some light onto the packaging branch of sustainable development. 
1.5 Study objective 
Recognizing the importance and the interest that it has lately received, but also the 
ambiguity that exists in the packaging community, the objective of this study is to create an 
introductory reading material for packaging professionals that wish to get acquainted with what 
is commonly described today as “packaging sustainability.” The overall effort is to provide 
fundamental information on this topic, but also to initiate a fruitful discussion and stimulate 
further interest on this topic within the professionals’ community. 
More specifically this study aims to describe the term sustainability and the driving 
forces behind it that render it as a necessity for modern living. It associates packaging with the 
sustainable development concept and presents a road map of how packaging can contribute to 
sustainability. In the framework of building truthful claims and avoiding ‘greenwashing,’ some 
metrics and objective criteria are presented for monitoring, measuring and evaluating progress 
made towards the sustainability goal. In parallel, industrial case studies are presented in a review 
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of actions and proposals that businesses are promoting in order to associate their businesses with 
“packaging sustainability,” and earn credentials of environmentally sound packaging solutions. 
Since packaging professionals are in the center of this effort, their understanding of various 
environmental and packaging topics are recorded through a survey presented and analyzed in this 
study. Finally a demonstrative comparative analysis with the use of Life Cycle Inventory (LCI) 
data is done in order to monitor the differences of environmental impact of various polymer 
materials by using Life Cycle Assessment (LCA) software. 
1.6 Questions to be addressed 
The following questions will be addressed in this study: 
 What is sustainability, and what are the forces that make it nowadays a necessity? 
 How is packaging related to sustainability, and what is the way to make packaging 
sustainable? 
 What are companies already doing in order to link their products packaging with the 
“packaging sustainability” concept? 
 What is the current understanding of packaging professionals about environmental and 
packaging related topics? 
 What is the environmental impact of materials used for packaging goods? 
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2.1 Environmental issues - The necessity of sustainability 
The earth has been overexploited to such a degree that its habitat and natural resources 
that once might have seemed inexhaustible are nowadays at risk. In the past 50 years human 
demand has constantly increased compared to Earth’s ecological capacity. If one planet equals to 
the total annual biological productive capacity of the earth, then the increasing human demand 
on biosphere has exceeded Earth's biological capacity since the 1980s, and is constantly 
increasing (Figure 2.1). This overshoot depletes the earth's natural capital, and is therefore 
possible only for a limited period of time. 
 
Figure 2.1: Time trend of humanity’s ecological demand [1] 
Human activity is dramatically influencing and challenging both the conditions and the 
resources on the planet, and the problem of finding the best way to protect the environment and 
consequently the well-being of the human species is becoming one of the most difficult to solve, 
especially when the exponential growth of the world population since 1950 is taken into 
consideration (Figure 2.2). 
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Figure 2.2: World Population actual data up to 2005 and future estimations [2] 
All environmental problems are greatly enhanced by human patterns of production and 
consumption. The high-income nations, whose populations account for one-fifth of the world 
total, consume more than 80% of world goods (Figure 2.3) driven by the high consumption 
appeal maintained in these societies (Figure 2.4). On the other hand the developing nations are 
rapidly growing (Figure 2.5) and are starting to consume their environment and renewable 
resources at a tremendous speed [3]. 
 
Figure 2.3: Shares of world consumption in 1995 [4] 
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Figure 2.4: Consumption appeal per region [5] 
 
 
Figure 2.5: The International Monetary Fund (IMF) projections of growth rates [6] 
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Nowadays, as globalization continues, the environmental impact on life cycle associated 
with everything people create, use and discard is significant, and has local, national, regional and 
global implications. Whether it’s about global warming and air pollution, ozone depletion, 
resource depletion and scarcity of potable water, solid and hazardous waste, toxic residues, 
landscape degradation or visual pollution, the cause is by and large anthropogenic. Major 
environmental problems and their consequences are described below.  
2.1.1 Air pollution 
Air pollution is the release of hazardous or toxic gases into the atmosphere (Figure 2.6). 
A variety of air pollutants have known or suspected harmful effects on human health and the 
environment. Furthermore, they may not only prove a problem in the immediate vicinity of their 
sources, but can travel long distances, chemically reacting in the atmosphere to produce 
secondary pollutants such as acid rain or ozone. Typical pollutants include nitrous oxides, 
sulphur dioxide, carbon monoxide, ozone, volatile organic compounds, ammonia, lead, 
cadmium, copper etc. The increased level of some of them, such us carbon dioxide (Figure 2.9 
and Figure 2.10), can disrupt the sensitive equilibrium of the greenhouse effect and lead to 
climate changes (2.1.3). Air pollution is mainly caused by emissions linked to energy generation, 
transportation and agriculture activities [7]. 
 
Figure 2.6: Emissions contributing to air pollution 
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2.1.2 Water pollution 
Water pollution is the release of hazardous or toxic substances to waterways and marine 
environment. It can be point source pollution when it comes directly from one specific source or 
location, such as an oil spill or sewage pipes that empty polluted water into a river, or non-point 
source pollution that comes from many sources or large areas, such as pesticides dissolving by 
rain on cultivated land.  
Domestic households, industry and agricultural practices produce wastewater that can 
cause pollution of lakes and rivers. Water pollution is caused by all types of materials or waste 
that enter into aquatic ecosystems, like washing detergents, wetting agents and surfactants, as 
well as heavy metals and other hazardous substances leaching from landfilled or dumped 
appliances. It is also created through leaks, like oil spills or ship run offs, or finally by substances 
simply dissolving from the ground and entering the water stream, like for example pesticides and 
fertilizers. 
Water pollution poisons and deforms fish and other animals, unbalances ecosystems and 
causes a reduction in biodiversity. Ultimately, these effects take their toll on human life. 
Drinking water sources become contaminated, causing sickness and disease and pollutants 
accumulate in food, making it dangerous or inedible. Typical pollutants include heavy metals, 
organochlorides, volatile organic compounds, chlorinated solvents, detergents, pesticides etc.  
2.1.3 Climate change 
Climate change is occurring due to the enhanced anthropogenic ‘greenhouse effect.’ The 
greenhouse effect involves trapping and build-up of heat in the lower –near to the planet surface- 
atmosphere from the greenhouse gases. Part of the solar heat reflected from the earth's surface is 
trapped by water vapor, carbon dioxide, methane and other greenhouse gases naturally present in 
the atmosphere and regulated through natural occurring processes. The natural occurring 
greenhouse effect has been sustaining life on the planet, because without it the earth's average 
surface temperature of 14 °C would be about -18 °C. In the carbon cycle illustrated in Figure 2.8 
carbon dioxide is absorbed from the atmosphere by trees which store it in wood and by the 
oceans, in a process called ‘carbon sequestration,’ therefore regulating its concentration.  
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Figure 2.7: Is our planet melting due to climate change? 
This natural phenomenon, which made the planet habitable, is dramatically escalating 
due to human activities, greatly involving the use of fossil fuels on one side and deforestation on 
the other. Greenhouse gases such as carbon dioxide (Figure 2.9), methane, chlorofluorocarbons, 
nitrous oxide and ozone are being released into the atmosphere at a far greater rate than the 
absorbing and compensating natural processes that constantly decrease in capacity due to 
deforestation and ocean temperature rise, leading to the disruption of the natural regulating 
biological cycle (Figure 2.8). The concentration of greenhouse gases in the atmosphere is 
therefore increasing, leading to entrapment of additional quantities of heat, thus creating the 
phenomenon known as ‘global warming’ (Figure 2.9).  
 13 
 
Figure 2.8: The carbon cycle – blue arrows illustrate the annual carbon fluxes [7] 
All greenhouse gas can be converted, using a multiplying factor, to the equivalent amount 
of carbon dioxide emissions that would have the same global warming potential (GWP) when 
measured over a specified timescale, usually 100 years. For example the GWP of methane is 21 
and this means that one metric ton of methane emissions is equivalent to 21 metric tons of 
carbon dioxide when it comes to the greenhouse effect; the GWP of nitrous oxide is 310 and of 
sulphur hexafluoride is 23,900. The sum of emissions occurring during a human process, 
expressed in carbon dioxide equivalent is called the carbon footprint, and is a measure of the 
impact human activities to the global warming phenomenon. When the carbon emissions are 
compensated by the exact amount of carbon absorptions the carbon footprint is neutral.  
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Figure 2.9: Historical trends in carbon dioxide concentrations and temperature, on a geological and recent time scale [8] 
Green gas emissions are linked to industrial, agricultural and urban activity, and are very 
much linked to the prosperity and growth of each country (Figure 2.10). They are generated by 
industrial processes, energy generation from coal and fossil fuels, burning power stations, 
materials production with high embodied energy -like aluminum, ceramics and steel- 
transportation activities (air transportation, vehicles, trucks), agricultural by-products, space 
heating and cooling systems, water heating systems, waste treatment and biomass burning [9]. 
Among the most severe consequences of climate change are glaciers melting, rising sea 
levels which threaten coastal areas, frequent and intense droughts and heat waves, extreme 
meteorological phenomena producing floods and property destruction, aridity etc. 
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Figure 2.10: National carbon dioxide emissions per capita in 2002 [10] 
2.1.4 Ozone depletion 
Ozone depletion refers to the thinning of the ozone layer (Figure 2.11) due to the 
presence of chlorine compounds, mainly chlorofluorocarbons (CFCs). A number of other 
halocarbon species are also capable of destroying ozone in the stratosphere, such as the 
hydrochlorofluorocarbons (HCFCs), methylhalides, carbon tetrachloride (CCl4), carbon 
tetrafluoride (CF4), and the halons (bromide species) [11]. 
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Figure 2.11: Total Ozone Mapping Spectrometer (TOMS) images showing the progressive depletion of ozone over Antarctica from 
1981 to 1999 – 100 Dobson units correspond to 1mm of Ozone at standard pressure and temperature [13] 
The natural ozone levels in the upper atmosphere act as a protective filter since they 
absorb most harmful solar radiation before reaching the earth's surface. Ozone absorbs a 
significant portion of the ultraviolet light known as the UVB. Ozone depletion results in an 
increased amount of radiation penetrating to the earth's surface, which can have potentially 
serious effects on human health, terrestrial and aquatic ecosystems, biogeochemical cycles and 
materials. UVB has been linked to various types of skin cancer, cataracts and damage to the 
human immune system. It is also known to be harmful to some crops and certain forms of marine 
life. Synthetic polymers, naturally occurring biopolymers and other materials of commercial 
interest are adversely affected by solar UV radiation. Currently, materials are protected from 
UVB at some level by special additives, but any increase in solar UVB levels caused by further 
ozone depletion will accelerate their breakdown, limiting the length of time for which they are 
useful outdoors [11], [12]. 
The demand for chlorine production by appliance and aerosol manufacturers, as well as 
accidental and intentional release of ozone depleting substances when products are discarded, 
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landfilled, reconditioned, shredded, etc. are highly implicated with the reduction of the ozone 
layer. Refrigerators and freezers, air conditioners, polyurethane foams in furniture, extruded 
polystyrene, aerosols and miscellaneous consumer durables are typical product examples.  
 
Figure 2.12: Projected Global land use changes [15] 
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2.1.5 Land degradation 
Land degradation is the reduction or loss of the biological or economic productivity of all 
kinds of soils. It can take many forms, including deforestation (Figure 2.12), erosion, 
salinization, removal of topsoil, etc. Mainly responsible for land degradation is the ongoing 
excavation for resources, agriculture and farming activity, urban sprawl and landfilling solid 
waste. In arid, semi-arid, and drier sub-humid areas, this process is also known as desertification. 
Severe land degradation affects a significant portion of the earth's arable lands, 
decreasing the wealth and economic development of nations. The effects are more prominent in 
low income countries, where people are mostly depend on land use. The soil becomes less 
productive and consequently incomes are reduced and food becomes scarce, leading to 
deteriorating nutrition, greater susceptibility to illness, and lower productivity. Intense land 
degradation can even lead to famine, mass migration, and conflict over access to resources [14]. 
2.1.6 Solid waste 
The proliferation of solid waste in the modern industrial era is linked to society growth 
(Figure 2.13) and leads to occupation of landscape resources that could otherwise support more 
productive land uses, such us agriculture or housing. Areas for landfilling are also a reducing 
resource in some urban areas. Poor management of landfills can lead to toxic substances leaching 
into aquatic ecosystems causing water pollution, but also contribute to visual pollution. 
 
Figure 2.13: Municipal waste generation evolution compared to gross domestic product (GBD) and population [16] 
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Solid waste is arising from discarded domestic, commercial and industrial products and 
materials. If not recovered for reuse or materials recycling, end-of-life products are likely to be 
landfilled. Characteristic examples are packaging, electrical and electronic products, construction 
products, commercial and domestic furniture and miscellaneous consumer durables.  
2.1.7 Litter 
Litter is waste scattered or disposed in the wrong place by unlawful human action. It can 
vary in size of incident, occurrence or items and it is contributing to what is also known as visual 
pollution. Discarded durable products such as packaging, electrical and electronic products, 
commercial and domestic furniture, miscellaneous consumer durables, and construction 
materials may all contribute to littering. Unsighted and uncollected litter usually attracts more 
(Figure 2.14). Litter can threaten human health, safety and welfare, harm wildlife and cause 
negative environmental impacts. Litter can enter the water stream and end up in rivers and 
canals, polluting the water supply.  
 
Figure 2.14: Packaging sometimes ends up in the natural environment as litter 
A large amount of floating waste ends up in the Great Pacific Garbage Patch, also known 
as ‘trash vortex’ or ‘plastic soup,’ illustrated in Figure 2.15. The Great Pacific Garbage Patch is 
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essentially a floating expanse of waste and debris in the central North Pacific Ocean, consisting 
of plastic junk kept together by swirling underwater currents. It is believed to hold almost 100 
million tons of flotsam, and it covers an area of marine debris in the North Pacific Gyre. Its size 
estimate varies from an area equivalent to the state of Texas to double that of the continental 
United States. The circular rotation around the center of the North Pacific Gyre draws waste 
material in and has led to the accumulation of flotsam and other debris. In some areas the plastic 
debris gathers in concentrations of even one million pieces of plastic per square mile.  
 
Figure 2.15: Approximate areas of the great Pacific garbage patch trapped in the north-eastern and -western Gyre currents 
2.1.8 Acidification 
Acidification is caused by oxides of nitrogen and sulphur that react with water to form 
‘acid rain,’ which can damage both the natural and built environment (Figure 2.16). Mainly 
implicated with this environmental problem are products that directly or indirectly utilize energy 
sources with high sulphur content, especially in relation to the distribution or transport stage of a 
product’s life cycle. Acidification can result in soil depletion, corrosion, forest damage and 
disappearing of plants, wildlife and marine species.  
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Figure 2.16: Acidification process 
2.1.9 Depletion of resources 
Resource depletion is caused by the use of materials derived from scarce, finite, 
threatened or non-renewable natural resources. The term is most commonly used in reference to 
the farming, fishing, mining and fossil fuels, but also abundant sources such as drinkable water 
and clean air may also fit in some regions to the depleting resources. Most current sources of 
energy (Figure 2.17) and raw materials are non-renewable. Known supplies are limited and are 
being depleted at a rapid rate. Resources will not become totally exhausted at some particular 
moment, but rather will diminish until the price of continued exploitation becomes so high that it 
is no longer economically viable. Moving to alternative renewable sources for deriving materials 
and energy, and in parallel conserving and rationally utilizing all natural resources is nowadays 
turning from an option to a necessity (Figure 2.1). 
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Figure 2.17: Energy consumption per capita in 2004 [17] 
2.1.10 Biodiversity loss 
The term biodiversity refers to the variety of biological organizations and describes the 
richness and complexity of life on Earth as a whole. Biodiversity loss is the extinction of plant 
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and animal species on a local, regional or global level. It is caused mainly by the overall change 
that the expanding human population is causing to the natural environment, and more 
specifically through deforestation, water and air pollution, global warming, acidification etc. 
Between 1970 and 1995 30% of the natural world was destroyed. At the current rate of 
extinction, the earth will have lost 25% of its present number of species by 2050. Scientists 
estimate that Earth harbors between 7 and 20 million species, of which only 1.75 million have 
been catalogued. Roughly 50,000 biological species vanish every year [18]. 
 
Figure 2.18: Threatened animal species per geographic region in 1998 
2.2 Introduction to sustainability 
The current patterns of modern living and consumption are unsustainable (Figure 2.1), 
especially when the welfare of future generations is taken into account. The environmental 
problems caused by human activities are extremely exigent. In order to reverse the pattern of 
widespread environmental degradation and ensure that the generations to come will be able to 
meet their own needs, substantial changes must be made in modern lifestyle, consumption habits 
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and manufacturing processes. To turn around today’s trend and to reach a state that will sustain 
current and also future human needs is the fundamental concept behind ‘sustainability.’  
2.2.1 Definition of sustainability and sustainable development 
Sustainability, according to Merriam-Webster on-line dictionary (Figure 2.19), is a word 
appearing in approximately 1727 that defines the capability of being sustained. It describes 
harvesting or resource utilization that does deplete or permanently damage the resource or a 
lifestyle that involves sustainable methods.  
 
Figure 2.19: Merriam Webster on-line dictionary definition for “sustainable” [19] 
The term sustainability is a very complex and enormously important concept that refers 
to the potential longevity of natural ecosystems and reserves, with emphasis on human systems 
and anthropogenic problems. The human race has exploited its scarce and limited resources at 
such a rate that civilization with its present meaning is currently endangered as a result of human 
growth-associated impacts on ecological support systems (Figure 2.1). According to Nobel Prize 
winner Murray Gell-Mann, sustainability means “living on nature's income rather than its 
capital”, or as a farmer may simply phrase it "don't eat your seed corn." 
Such a complicated issue has no simple and straightforward treatment, especially 
considering that sustainability is not a goal but a continuous process. Sustainability aims to a 
better life for the present generation and survival for the future ones, enhancing their ability to 
cope with and protect the world that they will inherit. As said by Chief Seattle or Antoine de 
Saint-Exupery “We do not inherit the earth from our parents; we borrow it from our children” 
[20]. 
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In 1987, the Brundtland Commission, led by the former Norwegian Prime Minister Gro 
Harlem Brundtland, defined sustainable development as “development that meets the needs of 
the present without compromising the ability of future generations to meet their own needs.” 
That was the first and is still the most often quoted definition (Figure 2.20). It contains two key 
concepts: the notion of meeting peoples essential needs and the idea of limitations on the 
environment’s ability to meet both present and future needs, imposed by technology and social 
formation. Development involves a progressive transformation of economy and society. In order 
to ensure sustainable development, changes in access to resources and in the distribution of costs 
and benefits are essential [21]. 
 
Figure 2.20: Sustainable development definition form the UN Brundtland report [22] 
Following the ‘sustainable development’ model, can lead people and companies to 
consider the environmental issues, the hopes of the developing nations and the needs of future 
generations side by side with their own personal needs. Therefore sustainable development is not 
restricted to the protection of the environment, but it is the common ground that lies among three 
spheres of concern: the environment, the society and the economy, targeting three areas of focus: 
the planet, people and performance. The better quality of life for present and coming generations, 
that sustainable development is all about, is achieved through balancing the need for economic 
growth with environmental protection and social equity, as is shown in Figure 2.21. 
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Figure 2.21: Sustainable development stands in the center of Environmental, Social and Economic development 
The popularity of the terms sustainability and sustainable development, along with the 
many isolated attempts on the part of governments and other agents to begin such type of 
programs, has led to various competing definitions with such a sheer number of meanings that in 
the end, generate much confusion. Despite differences, a number of common principles are 
embedded in most charters or action programs to achieve sustainable development, sustainability 
or sustainable prosperity. These include: 
 Dealing transparently and systemically with risk, uncertainty and irreversibility 
 Ensuring appropriate valuation, appreciation and restoration of nature 
 Integration of environmental, social, human and economic goals in policies and activities 
 Equal opportunity and community participation/Sustainable community 
 Conservation of biodiversity and ecological integrity 
 Ensuring inter-generational equity 
 Recognizing the global integration of localities 
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 A commitment to best practice 
 No net loss of human capital or natural capital 
 The principle of continuous improvement 
 The need for good governance 
Table 2.1: Chronicle of key events in the sustainability movement 
Year Event 
1969 National Environmental Policy Act is passed in the US, setting the basis for environmental impact assessment in the world.  
1970 First Earth Day is held as a national teach -in on the environment. An estimated 20 million people participated in peaceful 
demonstrations across the U.S. 
1971 Greenpeace starts up in Canada and launches an aggressive agenda to stop environmental damage through civil protests 
and non-violent interference. 
1972 UN Conference on Human Environment/UNEP is held in Stockholm, focusing in the regional pollution and acid rain 
problems of northern Europe and leading to the establishment of various national environmental protection agencies and 
the United Nations Environment Program (UNEP).  
1972 Club of Rome publishes controversial book Limits to Growth, modeling the consequences of a rapidly growing world 
population and finite resource supplies and predicting terrifying consequences if growth rate is not decelerated [25]. 
Northern countries criticize the report for not including technological solutions while Southern countries are incensed 
because it supports abandonment of economic development.  
1987 “Our Common Future” (Brundtland Report). The Report of the World Commission on Environment and Development gives 
the still most quoted definition of “sustainable development” and associates social, economic, cultural and environmental 
issues and global solutions [22]. 
1988 Intergovernmental Panel on Climate Change is established to assess the latest scientific, technical and socioeconomic 
research in the field and provide an objective source of information about climate change. 
1992 Earth Summit. UN Conference on Environment and Development (UNCED) is held in Rio de Janeiro with principal theme 
“Environment and sustainable development.” Agreements were reached on the action plan “Agenda 21” and on the 
Convention on Biological Diversity, the Framework Convention on Climate Change and non- binding Forest Principles. 
1993 First meeting of the UN Commission on Sustainable Development established to ensure follow-up to UNCED, enhance 
international cooperation and rationalize intergovernmental decision - making capacity. 
1999 Launch of the first global sustainability indexes -called the Dow Jones Sustainability Group Indexes- tracking the financial 
performance of the leading sustainability driven companies worldwide. The tool provides guidance to investors looking for 
profitable companies that follow sustainable development principles. 
2000 UN Millennium Summit and the Millennium Development Goals (MDGs). The largest gathering of world leaders agrees to a 
set of time-bound and measurable goals, set to be achieved by 2015, for combating poverty, hunger, disease, illiteracy, 
environmental degradation and discrimination against women.  
2002 World Summit on Sustainable Development held in Johannesburg marking 10 years since UNCED aimed to focus the 
world’s attention on actions to achieve sustainable development. 
2002 Global Reporting Initiative (GRI). After five years of a multi-stakeholder, consensus building process, GRI releases its 
guidelines for how organizations should report on the economic, environmental and social dimensions of their business 
activities. 
2005 Kyoto Protocol (adopted on December 1997) enters into force, legally binding developed country Parties to goals for 
greenhouse gas emission reductions, and establishing the Clean Development Mechanism for developing countries. 
2005 Millennium Ecosystem Assessment released. 1,300 experts from 95 countries provide scientific information concerning the 
consequences of ecosystem change for human well-being. 
2.2.2 Key events in the sustainability movement  
The 1960s was a time of initial awareness and realization that pollution is a problem, 
initiated by the publication of “Silent Spring” by Rachel Carson in 1962, a book that inspired 
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widespread public concerns regarding pesticides and pollution [24]. Through the 1970s, the 
OPEC oil crisis and the discovery that CFCs were responsible for ozone layer depletion 
increased awareness regarding the human impact on the environment. The nuclear accidents at 
Three Mile Island and Chernobyl, discovery of the Arctic ozone hole, and the Exxon Valdez oil 
spill in the late ‘70s and ‘80s led to numerous international conferences in the 1990s designed to 
take action against pollution. International collaboration paved the way for the current focus on 
climate change. Sustainability was further conceptualized and expanded in 1992 at the 
international Earth Summit conference in Rio de Janeiro, to integrate concerns for 
environmental, economic, and social welfare. The milestones in the course of the sustainability 
movement can be seen in Table 2.1 [26]. 
Table 2.2: Examples of corporate sustainability issues [27] 
Economic issues 
(Profit) 
Environmental issues 
(Planet) 
Social issues 
(People) 
Cost of non-compliance Air emissions Customer satisfaction 
Contribution to GDP Biodiversity Child labor 
Employment contribution Energy use Employee training and education 
Investments (capital, employees, communities) Global warming potential Equal opportunities and non-discrimination 
Profit Noise Health and safety (employees and citizens) 
Sales Resource depletion Management quality (labor turnover, satisfaction) 
Shareholder value Solid waste Stakeholder involvement and liaison 
Turnover Transport Social partnership and sponsorship 
Value added Water use and emissions Wages and benefits 
2.3 Corporate sustainability 
In an environment of increasing social awareness and of juvenile rules and legislations, 
corporations need to modify the way they conduct business in order to meet consumers’ and 
governments’ expectations, or even lead the way and become pioneers in showing the way to a 
better future. Configuring and implementing their Corporate Sustainability should target all three 
spheres of focus (Figure 2.21). The concept of the triple bottom line -people, planet, and profit- 
is often mentioned as the basis of such a policy. Some examples of corporate sustainability issues 
to be addressed in the corporate sustainability policy are presented in Table 2.2. 
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2.3.1.a Benefits from corporate sustainability 
A comprehensive sustainability strategy is a valuable mechanism for every company, not 
only to ensure that it follows leading practices across each of its operations, but also to translate 
those practices into new business opportunities. For many industry leaders and corporations the 
process to achieve corporate sustainability has become a tool to grow by earning stakeholders 
trust, reducing costs, managing risk and creating business opportunity from changing global 
conditions. Integrating sustainability thinking and practice into organizational structure is a 
difficult and complex task which requires vision, commitment and leadership [27]. 
Following sustainable practices leads to significant business benefits across the full range 
of a company’s activities. Sound environmental practices and monitoring environmental results 
lead to possible reductions in insurance premiums, assist in the identification of inefficiencies in 
production, result in a better control of processes, reduce business risks, contribute to 
conservation of resources, increase revenue and market share, convey to easier financing and 
improved financial performance. Legislative compliance is smoothened by the improved ability 
to forecast, influence, plan and respond to legislative changes. Relationships are improved with 
government and regulatory bodies through proven environmental and social accountability, 
ability to provide guidance to the regulatory bodies and make informed decisions through self-
assessment and monitoring. Trust is being built with non-Governmental Organizations (NGOs), 
local communities and external stakeholders. Technical process optimization and use of lean and 
clean technology result in reduced expenses in manufacturing and gain financial benefits from 
the increased production efficiency, product quality and increased material, resources and energy 
efficiency.  
Good quality people are attracted, higher retention of top talent in the company is 
achieved and overall a better workplace environment is established. Through commitment to 
staff development, proven social responsibility and sustainability reporting, motivation of staff is 
increased, higher employee productivity is achieved and costs are lowered from improved health 
and safety systems. Overall solid sustainable business practices build a raised company profile, 
enhance reputation and leadership in sustainability and improve relationship with investors and 
customers through sound environmental, social and ethical record, leading to financial benefits 
[27], [29], [28]. 
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2.3.1.b Expanding the business into green 
Environmental stewardship has nowadays become the center of corporate image-crafting. 
Consumer interest in purchasing products that are less harmful to the environment is a trend that 
started in the 1990’s and has increased dramatically over the past years. Presently environmental 
awareness is greatly influencing purchasing decisions as consumers become more informed 
regarding the environmental impacts of the products they purchase. Therefore, a company needs 
to communicate its efforts towards sustainability effectively, in order to gain the trust of the 
consumer.  
 
Figure 2.22: Acquisition of organic companies by the top 30 food processors in North America [31] 
A part of big corporations’ tactics to turn ‘green’ includes acquiring smaller businesses 
well-established in the natural product field, thus enhancing their environmental profile and 
simultaneously gaining share in a fast-growing market. This phenomenon is especially 
widespread in the field of the food industry, where top-ranking companies are incorporating 
organic or natural product brands (Figure 2.22). Furthermore, there is an increasing interest in 
natural personal care products from the cosmetic or consumer goods industry. A few examples of 
big companies’ ‘green’ acquisitions are summarized in Table 2.3. 
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Table 2.3: Examples of small companies acquired due to their natural profile 
Buying Company Acquisition Year Cost 
  
2007 $913 million 
  
2006 (84%) $100 million 
  
2006 £652 million (~ $1,14 billion) 
  
2006 
Not disclosed 
(Speculated ~$450 
million) 
  
2004 (80%, up from 
40% in 2001) Not disclosed 
  
2003 $216 million 
  
2001 $181 million 
  
2000 $326 million 
  
1999 $307 million 
  
1997 Not disclosed 
  
1997 $300 million 
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2.3.1.c The risk of Greenwashing 
Since stakeholders are increasingly interested in understanding the approach and the 
performance of companies in managing the sustainability aspects of their activities, one of the 
great business challenges is the proper and truthful communication of sustainability performance. 
The communication process is a broad term, including corporate responsibility and sustainability 
reports, survey responses, press releases, web sites, e-mail communications, stakeholder 
meetings, executive speeches or presentations and internal communications. It should target the 
needs of all stakeholders like board and senior management teams, investors, employees, 
government and regulation authorities, customers, lenders, suppliers, non-governmental 
organizations (NGO) and the public. The internet is an invaluable tool in this endeavor that many 
big companies seem to utilize. In the era of information and speed, providing the correct truthful 
communication is the key for succeeding in building sustainable brand equity. Incomplete or 
misleading information can lead to what is called greenwashing [30]. 
 
Figure 2.23: Greenwashing is misleading information regarding environmental practices and performance 
Greenwash -a portmanteau of ‘green’ and ‘whitewash’ or according to Webster 
dictionary ‘brainwash’- is a term used to describe the act of misleading stakeholders, and more 
particularly consumers regarding the environmental practices of a company or the environmental 
benefits of a product or service. In simple terms it can be defined as giving false or misleading 
green marketing claims. The term arose in the aftermath of the earth Summit held in Rio de 
Janeiro in June, 1992, and officially entered the English language in 1999, when it was included 
in the Oxford English Dictionary. This defined "greenwash" as: "Disinformation disseminated by 
an organization so as to present an environmentally responsible public image" [32]. 
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Figure 2.24: Merriam Webster on-line dictionary definition for “greenwashing” [33] 
The consequences of greenwashing are diverse, and affect the consumer and the 
environment, as well as other “greener” companies. Consumers, by making purchases based on 
misleading information that do not deliver on their environmental promise, feel deceived and this 
may create cynicism and doubt about all environmental claims. This would eliminate a 
significant market-based, financial incentive for green product innovation. Furthermore, the good 
intentions and the potential environmental benefit of the consumer’s purchase are squandered. 
Finally, greenwashing, by affecting customers, takes market share away from products that offer 
more legitimate benefits.  
There are several ways a company can perform greenwashing: 
 By making environmental claims that may be true, but are focused in only a single, or a 
few narrow environmental attributes, avoiding the big picture 
 By making environmental claims that cannot be substantiated or are not certified 
 By making environmental claims that are vague and likely to be misunderstood 
 By making environmental claims that may be true, but are unimportant or irrelevant and 
distract the consumer from finding a truly greener option  
 By making environmental claims that may be true within the product category, but are 
distracting the consumer from the greater negative environmental impacts of the category 
as a whole 
 By making environmental claims that are false, by misuse or misrepresentation of 
certification by an independent authority [34] 
2.3.1.d Eco-labeling 
One of the most useful tools to avoid greenwashing is eco-labeling. Eco-labeling entered 
mainstream environmental policy-making in 1977, with the establishment of the Blue Angel 
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program. Since then eco-labels have become one of the more high-profile market-based tools for 
achieving environmental objectives [35]. An eco-label is a logo that identifies a product or 
company that has met an environmentally preferable standard. There are many different 
standards with varying levels of quality control around the world. 
As part of its ISO 14000 series of environmental standards, the International Standards 
Organization (ISO) has drawn up a group of standards specifically governing environmental 
labeling. The ISO 14020 family covers three types of labeling schemes: 
 Type I, which is a multi-attribute label developed by a third party 
 Type II, which is a single attribute label developed by a producer 
 Type III, which is an eco-label based on life cycle assessment 
Type II is the most likely to be guilty of greenwashing, since it refers to a general claim, 
which could be adding a generic green term to the product name like “organic” or 
“biodegradable.” 
Table 2.4: ISO family standards concerning environmental labeling 
Standard Description Application 
ISO 14020 Environmental Labeling: General Principles 
Sets out nine general principles that apply not only to labeling 
schemes but to all environmental claims, designed to promote 
accurate, verifiable and relevant information 
ISO 14021 
Environmental Labels and Declarations: Self-
Declaration Environmental Claims, Terms and 
Definitions 
Sets out requirements for Type II labels, i.e. environmental claims 
made for goods and services by the producer 
ISO 14022 Environmental Labels and Declarations: Self-Declaration Environmental Claims, Symbols 
Promotes the standardization of terms and symbols used in 
environmental claims, e.g. 'recycled content' 
ISO 14023 
Environmental Labels and Declarations: Self-
Declaration Environmental Claims, Testing 
and Verification 
(Currently under review) 
ISO 14024 
Environmental Labels and Declarations: 
Environmental Labeling Type I, Guiding 
Principles and Procedures 
Provides guidance on developing programs that verify the 
environmental attributes of a product via a seal of approval 
Nevertheless, apart from the general ISO types, a more detailed categorization of eco-
labels relating to criteria, procedures and standards for labeling would make it easier to define, 
understand and address potential environmental and trade effects [35]. Examples of widely 
accepted eco-labels that appear on packaging worldwide and are related to packaging 
environmental performance -such as Green Seal, EcoLogo, the EU Flower, Blue Angel, Grüne 
Punkt etc- are presented in Appendix I.  
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CHAPTER 3 PACKAGING SUSTAINABILITY 
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3.1 The primary role of packaging 
Today more than ever society is dependent on packaged goods and although packaging 
may sometimes be misvalued or accused to be sinful for harming the environment, the fact that 
we cannot survive without it should not be overlooked. Packaging plays a critical role in modern 
living and there are several functions that it fulfills before completing its lifecycle. The primary 
role of packaging is to contain, protect and preserve the product, aid its transportation and 
handling, inform about its content characteristics, way of use and safety requirements, assist the 
proper use and handling of the product, but also to promote the product on the shelf. It must 
carry out these functions under reasonably foreseeable conditions of manufacturing, distribution, 
warehousing, retailing and use within the necessary amount of time, since for some products, 
storage, shelf-life or use of several months is required. Packaging should also accomplish its 
primary role with reasonable financial cost and rational use of energy and material resources 
[36], [37].  
3.1.1 Containment 
The main role for packaging is to safely contain products and group them efficiently into 
larger and easier to handle units. Packaging should provide a defined level of barrier between the 
contents and the external environment, in order to enclose and preserve the goods. In simple 
applications, packaging must prevent spoilage, leakage or breakage and protect the environment 
from adverse impact. In a more complex level, packaging may need to provide a barrier to 
oxygen, sunlight or moisture changes that could shorten the product’s life, or even to regulate the 
penetration of various substances and ensure the preservation of the product for a defined time 
when stored in anticipated conditions. Furthermore, it must be able to resist corrosion or 
degradation from the contact with the product as well as the ambient atmosphere and maintain its 
ability to perform its essential functions through a reasonably anticipated life span. 
3.1.2 Protection 
Physical strength of packaging should be sufficient to protect the content from damage 
and deterioration during manufacturing, storage, handling and transportation. It should provide 
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the physical protection necessary to cushion the product against shocks and vibration, and the 
necessary resistance to puncturing, scratching or abrasion that may occur during normal 
handling. Packaging should protect the content from contamination. It should not impart the 
products odor which can be a vital attribute for flavor sensitive foods that can be adversely 
affected if the packaging materials in contact with the product are not carefully selected. 
Furthermore, when in use and when disposed of or recovered, packaging materials must be safe 
for people using them and should not contaminate the environment. These primary attributes of 
packaging are fundamental components for sustainable packaging development and will be 
further explored. 
3.1.3 Transportation 
Packaging should allow convenient, efficient and safe storage, handing and transportation 
of the product during all stages of its life span. Smaller units should efficiently agglomerate into 
larger packs. Package shapes must permit space-saving storage, leaving virtually no voids, not 
only for side-by-side stowing but also for vertical stacking. Packaging dimensions and masses 
should accommodate and facilitate the formation of cargo units tailored to the dimensional 
restrictions and the load-carrying capacity of standard pallets and containers. Packaging units 
should be designed in such a manner that allow easy handling such as holding, lifting, moving, 
setting down and stowing. When handling is to be done manually, packages must be easy to pick 
up and be of a suitably low mass. The strength of the package should secure that there is no 
failures during normal storage, handling, loading and transportation conditions. Packaging thus 
has a crucial impact on the efficiency of transport, handling and storage of goods. 
3.1.4 Information 
Packaging is usually a vehicle for communicating information and guidelines for 
handling and consuming the product. Brand identification, instructions on how the product 
should be used, warnings about the hazards from misuse, information for the product contents or 
expiration dates, are some of the information that may appear on packaging. Information should 
be clear readable for all people, and since much of this information is mandatory, it should 
follow the applicable laws and regulations. 
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3.1.5 Foster use 
Packaging must be convenient, and should properly accommodate the use of the product 
by taking into consideration the user profile. Dispensing and pouring, where relevant, should not 
result in waste or spillage. Packaging should support the proper product dosage and after 
emptying, residues should be minimal. Opening the packaging and removing the goods should 
not damage the contents. The closure system, when needed, should protect the product and re-
closing functionality should operate satisfactorily for at least the number of applications 
anticipated during the life of the product. In some cases the opening system should be resistant to 
child use or assist people with disabilities. In some applications packaging should protect from 
theft or prevent tampering. 
3.1.6 Promotion 
In the era of information, the number of media is constantly increasing and new 
communication channels are constantly emerging. Therefore it takes more and more 
advertisement to achieve the same impact as in the past. In the effort of product promotion, 
packaging has become an additional marketing tool, and as such, in some cases it contains the 
element of exaggeration. In the self-service environment of the modern supermarkets, where 
thousands of products are readily available to the consumers, packages have to undertake the role 
of the salesman and self-promote the product in order to attract customers.  
Packages located on the shelf act as a marketing tool and should be appealing, eye-
catching and attractively displayed in order to sell. Attractive product wrappings aim to get the 
attention of shoppers by using shape, size, color, materials, product branding and illustrations as 
tools to increase sales. Terms such as ‘size impression,’ ‘wow factor,’ ‘banded offers,’ ‘premium 
appearance,’ ‘eye catching’ and ‘impulsive buying’ have become essential in the packaging 
vocabulary, and should also be taken into consideration when designing new packages. The 
promotional role of packaging can be as important as advertising, and investments in packaging 
may bring higher returns than traditional advertising, giving packaging a broader and less 
technical role. 
The marketing role of packaging has made the packaging industry a complicated blend of 
disciplines, served not only by package-specific professionals, but overlapping efforts by 
marketers, industrial & graphic designers, logistics experts, consumer analysts and psychologists. 
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Therefore, any effort to change packaging in order to implement more sustainable solutions 
concerns a much greater mix of audience in industries and disciplines. 
3.2 Levels of packaging 
Packaging can be divided into three broad categories or levels, as they are best known, 
depending on the area of use and application and these are the primary, secondary and tertiary 
levels of packaging. 
3.2.1 Primary level 
Primary packaging is the wrapping or the container handled by the consumer. It is what 
the shopper takes home and is also known as ‘consumer’ or ‘sales’ packaging. Primary 
packaging can be rigid plastic containers, glass bottles, flexible pouches, carton boxes, closure 
and dispensing units and adhesive labels. This level of packaging is the one that mostly lacks 
rational and environmentally sound solutions, since it has evolved to a marketing tool dominated 
by the principles of modern advertising. 
3.2.2 Secondary level 
Secondary packaging is the sum of materials used for grouping quantities of primary 
packaged goods for transportation, distribution, storage and in some cases for display in shops. It 
can be boxes, shippers, trays, crates, shrink-wraps that hold primary packs together and it is also 
known as ‘grouped’ packaging. Usually this level of packaging is removed before the product 
reaches the shelf. Secondary packaging may appear on the shelf as display packaging, allowing 
retailers’ store personnel to load products on to shelf more quickly, in the tray or case, in order to 
maintain availability of products for consumers. This is generally known as Shelf Ready 
Packaging (SRP) or Retail Ready Packaging (RRP) [38]. Usually this type of packaging has a 
much more premium appearance since it ends up on the supermarket shelf and uses more 
material than the regular secondary packaging due to the existence of cut off materials. 
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3.2.3 Tertiary level 
Tertiary packaging refers to the wooden pallets, board and plastic wrapping and 
containers that are used to collate the ‘grouped’ packaging into larger loads for transport, and 
facilitates loading and unloading of goods. This level of packaging is also known as ‘transit’ or 
‘transport’ packaging. Typically, secondary packaging is loaded on a pallet, which is then 
wrapped to stabilize the product during transport. In some cases, primary packs can be loaded 
directly into large pallet cases or trolley cages which are then positioned directly in the store, 
ensuring less handling during transit and greater potential for light-weighting. Labels are usually 
places on tertiary goods for better identification. 
3.2.4 The right balance between the three levels 
The aim is to always achieve the correct balance between primary, secondary and tertiary 
packaging. Each level of packaging is dependent to the next one and therefore, in order to 
achieve a good overall result and optimize the packaging solution, all packaging levels have to 
be taken into consideration. Reducing the size of primary packaging, by making the product 
more condense or by changing the shape of the product, so that it is more efficiently packed, can 
lead to more products grouped in secondary packaging and more secondary packs on a pallet 
(tertiary packaging) resulting to reduced transportation costs. On the other hand, if the primary 
packaging of a product is reduced and becomes more fragile, then the secondary packaging 
might have to be increased. The same applies also if the secondary packaging is light-weighted; 
either tertiary packaging will have to be increased by adding for example pallet corner posts, or 
the product packaging (primary) may increase in order to withstand the load shared with the 
secondary packaging.  
Lately many companies tend to promote the rationalization efforts they are making for 
the primary packaging of their products –some examples will be presented in Chapter 4- without 
mentioning how these changes affect the other levels of packaging. Primary packaging of course 
presents more opportunities to improve, since a long line of irrational decisions have created 
plenty of room for improvement. In addition, shoppers recognize and are well familiar with the 
primary packaging level of the product, since this is the packaging layer the buy and handle, 
therefore promoting improvements for the primary packaging is well understood by consumers. 
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Nevertheless it is important to highlight that all three levels of packaging should be considered in 
the efforts of optimization. 
3.3 Packaging lifecycle 
One of the most important aspects in improving packaging is to understand the full cycle 
of its life. Professionals, who design and specify packages, tend to limit their vision to a narrow 
period within the packaging life span which does not allow them to identify the optimum 
solutions for their applications.  
Packaging has a complex lifecycle, which extends from concept design, specification 
setting and manufacturing and transportation to final product use, disposal or recovery. 
Understanding the full lifecycle of a packaging material and the requirements it has to fulfill as it 
progresses with or without the product through the various stages of its life span, is key to 
identify innovate opportunities, to introduce change and to eventually design more efficient 
packaging.  
Each level of packaging -tertiary (transport), secondary (grouping), primary (sales) - by 
definition accompanies the product until different stages of its life span and therefore has a 
different and specific lifecycle. But even materials of the same level do not follow the same path 
from their production to their disposal at the end of their life. Therefore, for each packing 
material of a product, an individual lifecycle path should be considered. 
In Figure 3.1 a summary of the major stages in the lifecycle of a packaging material for a 
product that goes through the retail supply chain is illustrated. Each stage in the lifecycle may 
consist of multiple smaller stages. In all stages, resources and energy are required and on the 
other hand waste, emissions and losses towards the environment occur. Between or within 
different stages, transportation and handling of materials -either raw or finished products- takes 
place, which again requires energy, produces emissions and may lead to losses. Overall the 
lifecycle of packaging is continuous exchange flow of materials, emissions and energy with the 
environment and any effort of optimization relies in understanding these exchanges and 
improving them [39]. 
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Figure 3.1: Simplified packaging lifecycle with parties contributing to each stage resulting to different end-life scenarios 
3.3.1 94BProduct & packaging specification 
The starting point in the lifecycle of the packaging and the containing product is when 
they are being designed and specified. It is during this stage that the whole lifecycle of the 
product and the requirements of each separate life stage have to be carefully considered, in order 
to make sound and correct selections for all levels of packaging. These packaging selections 
comprise the foundation of the product and it is during this stage where the key packaging 
characteristics are appointed, which will determine its full lifecycle. Reduction, reuse and 
recyclability are key aspects to be brought in as early as possible to facilitate this part of the 
process [40]. 
3.3.2 95BRaw materials extraction 
Once packaging has been specified and prior to its manufacturing, raw materials need to 
be available. The ordering of packaging material triggers a demand for raw materials and 
although they may be readily available, nevertheless at one point the raw materials had to be 
extracted, processed and refined in order to serve this need. Naturally this stage may consist of 
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multiple sub-stages. The extraction policy influences the choice of materials taken from the 
earth, how they are extracted, and the way in which they are used. Reducing packaging can 
diminish the exploitation of non-renewable raw materials. Reusing and recycling increases the 
life span of extracted materials and makes their use more efficient. Different material selection 
can lead to different methods of raw materials extraction, that effect in different ways the 
environment. 
3.3.3 Manufacture of packaging 
Packaging manufacturing process converts the raw material into the final packaging 
object through single or multiple production stage. Improvements in the manufacturing 
efficiency, waste prevention and recycling rates within the packaging manufacturing 
organizations affect the overall environmental performance. Using new technologies, improving 
equipment and efficiency can all help to reduce the impact of manufacturing.  
3.3.4 Filling 
Different packaging components, most probably coming from different packaging 
manufacturers, are combined in order to be filled -manually or with the use of automated packing 
lines- with the goods. Vertical integrated product manufacturing sites may have installations to 
produce some of their packaging materials within their site, which means that packaging 
materials do not have to be transported in order to be filled, but on the other hand may lead to 
reduced manufacturing efficiency versus a centralized manufacturing site were economies of 
scale can be achieved. Introducing energy efficiency and improving technology at this stage can 
reduce energy use and reduce costs. 
3.3.5 Distribution 
Packaged goods usually built on to pallets are distributed from the production site to 
warehouses and retailers. The distribution system can be a very simple single-stage flow from 
the product producer directly to the consumer, or it can be a very complex matrix of movements 
including several intermediate points and warehousing hubs until the product reaches the retailer. 
Distribution can be done either with the initial tertiary packaging or after repacking of the 
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product in a mixed pallet. The efficiency of packaging for distribution can be improved by 
increasing the number of individual items per pallet or changing the shape to make packaging 
easier to store. 
3.3.6 Retail 
Most products reach their final users through the retail channel. It is at this stage were the 
marketing aspect of packaging kicks in and hopefully pays off. By the time the product has 
reached the shelf, tertiary packaging has most probably been eliminated. In most cases this also 
applies for the secondary level of packaging. One obvious exemption is Shelf-Ready-Packaging 
(SRP) which accompanies the primary packaging on the shelf at the point of sale. In the retailing 
environment is usually where tertiary and secondary packaging is being disposed. Purchasing 
policy influences consumers and procurement professionals in their selection of products and 
services and retailers waste management policy defines the disposal process of the group 
packaging components. 
3.3.7 Use 
The main reason of product manufacturing is to serve consumer needs, which makes the 
use of the product the fundamental stage of its lifecycle. Depending on the product, primary 
packaging may have to fulfill some of its most important functions (functionality, durability, 
convenience, clarity, appearance) during the use stage. The performance of packaging during this 
stage may extend or shorten the product life and contribute to repurchasing acts from consumers. 
Consumption policy influences the consumption patterns and eventually can prevent waste. The 
use period for packaging can be extended through concentrated or through refillable product 
options. Packaging durability, functionality but also aesthetic appeal is key elements that 
contribute to consumer attachment and trustiness to packaging increasing the possibility of 
reusing it. 
3.3.8 End of life 
As already pointed out, each level of packaging ends its period of useful life during 
different stages of the product life span, which means that different parties -warehouses, retailers, 
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transporters, consumers- make decisions about the way of disposition of the materials. Taking 
into consideration the habits and the capabilities of the parties responsible for the disposal of all 
the packaging components in all levels is essential in order to holistically understand the 
disposition process of the product packaging.  
When it comes to the disposal of the primary packaging components, it is the consumers 
who decide for their disposal process, once the product has been consumed or the packaging has 
served its purpose. Depending on the considerations and the assumptions during the design phase 
of the product, options like returning, refilling or reusing the packaging may be available. On the 
other hand, material selection and design of the product will define if the packaging material will 
be applicable for recycling, composting, or incineration for energy recovery. Nevertheless it is 
clear that it is the consumers’ decision that defines the way of disposal for the primary packaging 
materials and naturally this will have to be taken into consideration from the very beginning of 
the design and specification of the primary packaging.  
Various policies influence the process that can be followed in this ultimate life stage of a 
packaging material. Discarding policy influences the decision to ‘repair,’ ‘donate for reuse’ or 
‘sort for recycling’ rather than ‘bin for landfill.’ Collecting policy should target into identifying 
the most effective collection mechanism. Recovering policy influences the technical capability 
and capacity to recycle waste sorted for recycling, and ensures that this proportion of waste 
grows year by year. Policy also stimulates energy recovery and the markets for reuse, 
remanufacturing and recycled goods. Disposing policy influences the reduction in the amount of 
waste that will go to landfill and other disposal options [41]. 
 
Figure 3.2: Linear model approach (cradle to grave) 
3.4 Associating packaging with sustainability 
Packaging is part and parcel of modern lifestyles that in many cases has become almost 
completely disconnected from Earth’s natural cycles and capacity to process. Even today there 
TAKE MAKE USE WASTE 
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are many cases where packaging is still manufactured with virgin materials in a single use 
approach, fulfils its purpose and ends up in a landfill as waste. This linear model shown in Figure 
3.2 known as ‘cradle to grave’ is a non-sustainable system, that it is constantly consuming 
resources without replenishment, and feeding waste back into Earth that will degrade in a rate 
that overlaps several coming generations.  
 
Figure 3.3: Share of packaging waste in total household waste (OECD) [42] 
Packaging industry, as a major consumer of energy and of materials, but also as a 
significant generator of waste (Figure 3.3), holds a key role in the overall quest for sustainability; 
therefore packaging should be designed to satisfy technical, consumer and customer needs in a 
way that environmental impact is reduced. Minimization of packaging environmental impact is 
not a straightforward process. It is a polyparametric problem and its solution consists of several 
different options, for several different stages that may apply in a different way, in different 
location and different eras, which in the end may lead to controversial results. More simply put, 
there is no unique solution. Nevertheless, although a general rule cannot be applied, in order to 
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have packaging that contributes to the sustainable development model, it is important to have a 
goal, a mindset, and to work towards that direction. 
Sustainability concerns all groups participating in the lifecycle of packaging (Figure 3.1). 
A chronicle of how various events and new developments have influenced each party among the 
supply chain flow is shown in Table 3.1. New rules and new customer expectations come along, 
making it increasingly important for companies to reduce the environmental impact of products 
and services through their whole lifecycle. The companies that will not be able to address 
environmental issues in product design and development will find it increasingly difficult to 
operate and compete in the global market. 
Table 3.1: Chronicle of drivers for environmental focus throughout the packaging supply chain 
Year Driver 
 
1970 Clean Air and Water Act 
RCRA/Superfund legislation 
 
      
1980 Rainforest & Old growth forest 
advocacy/certification 
Consumer interest 
Brundtland report 
 
 
 
 
 
 
 
 
 
  
 
 
 
1990 CSR reporting 
Globalization 
NGO advocacy 
Producer responsibility 
FSC certification system 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2000 Sarbanes-Oxley 
Katrina/Oil price increase 
Wal-Mart 
Climate change 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.4.1 Definition of sustainable packaging 
Packaging plays a significant role in the environmental, social and financial aspects of the 
modern industrialized living and therefore it participates as one of the factors that affect the 
sustainable development model. In the framework of global focus that sustainability has lately 
received, the new and misleading term of “sustainable packaging” has been created and received 
great amount of attention from the packaging community and beyond. The literal interpretation 
of the term is packaging that is sustained or preserved. Nevertheless true intention behind the 
term “sustainable packaging” is to describe packaging solutions that contribute to sustainable 
development. More specifically the term has been used more for packaging application with 
Materials 
Suppliers 
Converters Brand 
Owners 
Retailer Consumers Recyclers 
 48 
reduced negative environmental impact and less for solutions that positively contribute to social 
and financial aspects associating more with the terms ‘green packaging’ and ‘eco-friendly 
packaging.’ In Table 3.2 an effort from the Sustainable Packaging Coalition (SPC) to define 
sustainable packaging is presented. 
Table 3.2: Sustainable packaging criteria by the Sustainable Packaging Coalition (SPC) 
Sustainable packaging: 
1. Is beneficial, safe & healthy for individuals and communities throughout its life cycle 
2. Meets market criteria for performance & cost 
3. Is sourced, manufactured, transported, and recycled using renewable energy 
4. Maximizes the use of renewable or recycled source materials 
5. Is manufactured using clean production technologies & best practices 
6. Is made from materials healthy in all probable end-of-life scenarios 
7. Is physically designed to optimize materials & energy 
8. Is effectively recovered & utilized in biological and/or industrial cradle to cradle cycles 
Packaging environmental sustainability is truly achieved when the packaging is designed, 
produced, used, distributed and disposed of in a way that all activities linked to this flow of 
events comprising the full lifecycle have no affect on the environment. Since it is impossible to 
have activity with zero impact, a more realistic approach for sustainable packaging is that it 
generated the absolute minimum impact on the environment. Therefore sustainability for 
packaging is a higher goal, indicating a direction in a dynamic and complex system, rather than a 
steady-state status that is achieved by a specific packaging solution. The process to reach this 
higher goal, thus reduce environmental impact, is a never-ending series of continuous 
improvement activities and changes. This is accomplished by taking advantage new technologies 
and developments, but also includes change of mindset, improved communication and better 
understanding between all parties involved in the packaging lifecycle (Figure 3.1).  
3.5 Packaging sustainability policies 
In order to achieve minimum environmental impact several policies have been proposed, 
such as maximizing the use of renewable and recyclable materials, reduce dependence on non-
renewable resources, conserve raw materials, water and energy, encourage waste and emissions 
reduction, eliminate toxins, reduce human health risks, increase efficiencies and ultimately 
reduce costs. An effort will be made below to spread some light on some of the activities that 
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should be pursued in order to reduce environmental impact of packaging and make it more 
sustainable. 
3.5.1 Packaging professionals role  
In the process of improving packaging, the professionals in this field hold a principle role 
that is fundamental for achieving progress towards the sustainable development model. 
Packaging professionals need to get involved by sharing ideas, by educating themselves on new 
materials, technologies and the associated impact, by learning about new tools, by questioning 
the necessity or the performance of existing packaging solutions and by participating in the 
discussions for sustainable packaging development.  
3.5.1.a Lifelong learning 
Evolution is never ending and developments are continuous. Breakthrough inventions 
follow one another and what today is considered high-end, tomorrow maybe trivial. This makes 
sustainability a continuous effort for a goal that cannot be starkly achieved. Sustainability is an 
ongoing process and it can be reached only by continuous effort to stay up-to-date and to adapt 
to the new technologies. Understanding the technology drivers is essential in order to stay ahead. 
It is important to gain expertise in the emerging technologies that reduce resource consumption 
while increasing market competitiveness, to keep questioning current establishments and to 
rework old packaging by utilizing new technologies. 
Legislation is constantly increasing and rules are becoming more complex and 
demanding when it comes to packaging environmental impact and solid waste management. 
Packaging professional need to stay informed about the latest developments, since they should 
always meet all relevant quality, legislation and other statutory requirements. Being aware and 
understanding the new requirements can save time and money, but also help gain a competitive 
market advantage.  
3.5.1.b Lifecycle thinking 
Packaging professionals should extend their vision to all stages of the packaging life span 
since this will allow them to understand the impact that their work has on the environment. 
Having deep knowledge of the complex lifecycle of packaging from specification and 
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manufacturing to use and disposal, not only assists in understanding the requirements for 
packaging as it moves through its life stages, but also generates opportunities to innovate within 
these stages, by introducing change and designing more efficient packaging.  
3.5.1.c Meet and understand the partners 
Improvement of packaging environmental performance is a group effort and cannot be 
achieved by isolated actions. It is important for professionals to identify, meet and understand 
their partners throughout all packaging lifecycle stages (Figure 3.1). Being familiar and 
understanding the interest, needs and behaviors of all parties in the lifecycle of packaging are 
very important, in order to design the product. Cross-functional teamwork needs to take place 
involving communication, cooperation and mutual understanding, in order to obtain the best 
results. Raw & packaging material suppliers, packaging engineers and designers, manufacturers, 
distributors, marketers and sales force, retailers and finally shoppers, consumers and recyclers all 
hold a significant role that must be fulfilled throughout the packaging life span. Suppliers and 
manufacturers are the gatekeepers for the raw material sourcing and for their production 
processes, but are also a valuable source of technological information and of new, sound, 
innovative solutions. Supply chain presents opportunities for waste, litter and shipments 
minimization. Retailers shape packages through their requirements and limitations. Consumers 
reward products with their purchasing preferences and affect the established waste recovery 
systems through their disposal behavior and participation in recycling schemes, consequently 
understanding user habits is essential. Finally, recyclers recover and resource materials into the 
production loop, therefore a good comprehending of constrains that they have and their 
capabilities is a key input element for the product design. 
Consequently a very important starting point lies within the packaging community itself. 
Detecting the understanding and the comprehension that packaging professionals have for 
sustainability issues, is prominent in order to be able to assist them in the process of packaging 
improvement. Some light will be thrown on the packaging professionals’ perception and notion 
concerning sustainability issues in Chapter 5 where the results from the corresponding survey are 
presented. 
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3.5.2 Design phase of packaging 
The design phase should be consider as the foundation of any effort to improve the 
product and packaging characteristics and as an investment that pays off during every single 
stage of the product lifecycle. It is in this phase where packaging is actually engineered and 
environmental performance of the product throughout its lifecycle is appointed. Critical 
decisions are made on materials, manufacturing methods and how the product will be used and 
handled. Since most environmental performance attributes for packaging are introduced in this 
stage, it is in this stage that these issues can be effectively addressed in order to produce 
solutions that are likely to be environmentally inert and cost effective. 
3.5.2.a Respect primary role of packaging 
The primary role of packaging should always be the fundamental directive during the 
design phase. No sound packaging system can be generated if it does not target to fulfill the 
primary role of packaging as described in 3.1. The objective for every packaging solution is to 
contain, protect, transport, inform, promote and assist the use of the product for which it is 
designed for by meeting the market criteria for performance and cost. If these fundamental roles 
are not considered and respected, it is possible to have failures that generate packaging and 
product losses which is by itself is an unsustainable way of conducting business and creates 
significant environmental burden. 
Through intelligent packaging and system design, it is possible to ‘design out’ the 
potential negative impact of packaging on the environment and societies. The process of 
designing products and product-systems that minimize environmental impacts throughout the 
total product lifecycle is called ‘ecodesign.’ Today’s challenge is to make ecodesign a 
mainstream process and define the appropriate supporting tools that will assist decision-making. 
3.5.2.b Use ecodesign principles 
The fundamentals of product design have to be challenged in the creation phase of 
products and packages. People do not always want a product and much more a package. What 
they are really seeking for is a solution to a problem. Designing a system instead of a product is 
the right approach for providing solutions to consumers’ problems. A system is a complete 
solution that consists of multiple lifecycles, designed to maximize benefits and minimize impact 
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taking into consideration all product stages (refill options, packaging reuse solutions and disposal 
options).  
A slightly different approach is the lifecycle designing. In this case the product and 
package design process is superseded by lifecycle design. This process should lead to 
environmentally sound packaging cycle designs that consider all material inputs and energy use 
during the whole lifecycle, and not just a ‘green’ package. Naturally all stages in the product 
lifecycle and the different options and possibilities will have to be taken into consideration 
starting from the early stages of material extraction and concluding with the end-life scenarios. 
Lifecycle design leads to closed loop systems where packaging is delivered in a controlled 
system with an active feedback loop which then either reuses the container with minimal 
processing (e.g. cleaning) and puts it back into a filling system; or recycles the container material 
and reprocesses it back into the same or similar container type [43], [44]. 
3.5.2.c Communicate the correct message 
One of the roles of packaging is to inform and educate consumers and this should not be 
neglected when it comes to sustainability topics. As consumers become more environmentally 
aware, sensitive and discerning, their purchasing decisions will be influenced by credible, 
straightforward and verified information. Consumers are becoming more hostile towards 
companies that make false or misleading environmental claims. Packaging can contribute to 
community and consumer education, gain trust through honest and transparent communication 
and elimination of greenwashing. A green claim should be truthful, accurate and substantiated. 
Effective message should be explicit about the environmental issue or aspect of the product it 
refers to, it should be relevant to the product in question, be clear about the meaning of any 
symbol used in the claim and be in plain language and in line with standard definitions. 
Appendix I has a selection of packaging symbols and their use. Additionally labeling should 
contribute to education of consumers on environmental issues and encourage them to follow the 
appropriate disposal process for the packaging at the end of its life span.  
3.5.3 Material selection  
The material selection for packaging components is vital for reducing the impact of 
packaging on the environment. Each material present different set of advantages and 
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disadvantages that make it suitable for one application compared to another. Material selection 
should cause no adverse health effects in all probable end-of-life scenarios and maximize the use 
of renewable or recycled source materials. In the selection of a material it is important to know 
information about the retrieving and refining stages for the production of the material, but also 
very importantly about the applicable end-life scenarios and the impact they are causing. A 
comparison of different trivial packaging polymer materials with the use LCI data will be 
presented in Chapter 6. 
Table 3.3: Hazardous substances for humans and the environment 
Substance  Products and processes  Health and environmental issues  
Lead Additive in petrol, coating for tanks and pipes, storage 
batteries, stabilizer in PVC, electronic devices, cotton dyes, 
fluorescent tubes and light bulbs, welding or spray coating 
metals  
Highly toxic to humans, plants and animals. Can 
be inhaled, ingested or absorbed through the 
skin. Disposal of products may cause leeching 
into aquatic and terrestrial ecosystems.  
Mercury Electrical and electronic devices. Control instruments such 
as switches, thermometers, barometers. Dyes 
(mercurochrome).  
Highly toxic. Can be inhaled or ingested. Disposal 
of products may cause leeching into aquatic and 
terrestrial ecosystems.  
Cadmium Protective coating for iron, steel and copper, alloys for 
coating other materials, welding electrodes, solders etc, 
rechargeable batteries, stabilizers in PVC, pigments in 
paints, electroplating, hot dipping and spraying of metals, 
deoxidizer for nickel plating, catalyst in plastic 
manufacture.  
Highly toxic. Can be inhaled or ingested. Disposal 
of products may cause leeching into aquatic and 
terrestrial ecosystems.  
Arsenic Manufacture of opal glass and enamels, textile printing, 
tanning, copper smelting, wood preservatives.  
Highly toxic. Becomes volatile when burned.  
Chromium Pigments. Chrome plating. Copper stripping. Aluminum 
anodizing.  
Highly toxic. Can be inhaled, ingested or 
absorbed. Carcinogenic among occupational 
workers.  
Nickel Stainless steel. Magnetic tapes. Surgical and dental 
instruments. Rechargeable batteries. Electroplating. 
Aluminum anodizing.  
Highly toxic. Carcinogenic among occupational 
workers.  
Formaldehyde Urea formaldehyde and phenol formaldehyde resins used 
as a bonding agent in MDF, plywood and particle board. 
Fiberglass Resilient flooring. Textiles and flooring. Paper 
products.  
Most common indoor air pollutant. High 
concentrations of repeated exposure can cause 
headaches, chronic respiratory complaints, 
nausea, allergies and dermatitis. Suspected 
human carcinogen.  
Chlorinated 
organic solvents 
Paint and plastic softener, paint stripper. Resin solvent 
glues.  
Toxic. Absorbed by inhalation or through skin.  
3.5.3.a Avoid dangerous substances 
Products should be safe and clean, without toxic and/or hazardous substances, which 
could contaminate biological or technical cycles and systems. Toxic and hazardous substances 
include lead, mercury, cadmium, arsenic, chromium, nickel, selenium, fluoride, tin, copper, 
cobalt, phenols, endocrine disrupting chemicals and chlorinated organic solvents. The most 
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hazardous substances and their impact on human health and the environment are synopsized in 
Table 3.3. 
3.5.3.b Use post-consumer materials 
Use of post-consumer (recycled) materials cuts down the use of virgin materials and 
diverts used materials from landfill and re-enters them in the manufacturing cycle, thus reducing 
waste. Maximizing the use of recycled materials minimizes the use of virgin materials and 
therefore reduces the environmental impact from their production process. 
3.5.3.c Avoid extraction and refinery of raw materials 
In general, extraction of new materials should be avoided when possible, since activities 
of acquiring virgin materials such as drilling, strip-mining, clear-cutting, harvesting, extracting, 
processing and refining are energy-intensive, produce waste and emissions and usually degrade 
the natural environment and resources. When extraction of raw materials is required, it should be 
done in a sustainable way with minimum impact on the natural environment. Use of non-
renewable or very slowly regenerated sources of materials such as fossil fuels, minerals and ores 
is by definition a non-sustainable process because it eventually reaches an expiration date 
therefore it cannot be sustained. Even resources that were once considered infinite, such us 
forests, clean air and drinking water with today’s rates of growth and development have 
degraded and shortage has been experienced.  
3.5.3.d Consider renewable and responsible sources 
The sustainability of renewable materials depends ultimately on the productivity of the 
ecosystem from which they originate. Some agricultural-based societies have cultivated the same 
plot of land for thousand years and understand that sustainable yields depend on the productivity 
of the soil ecosystem. Forests are no different. In paper and wood production, sustainable 
forestry regenerates in the same rate the trees that have being deployed. To date, agricultural and 
forest products sectors are some of the first to have recognized and respected certification 
systems -such as the Forest Stewardship Council (FSC) certification shown in Table I.4- as a 
way to promote the critical connection between renewable materials and the goal of ensuring the 
health of the underlying ecosystems from their extraction and production. Other extractive 
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industries lag significantly in this regard. Certification systems provide an additional measure 
through which users of renewable materials can support and encourage the use of sustainable 
practices and materials. This is an important element to consider in the material selection 
process. 
3.5.3.e Consider natural materials 
Although materials coming from natural sources tend to be commonly considered as 
environmentally friendly, this is not always true. A natural material may perform worse than a 
traditional synthetic material, depending on the application, the region and the epoch it will be 
used. Lately there is an increase of polymer materials coming from natural resources 
(biopolymers), but due to the prime of this technology these materials do not have recycling 
streams and many times the interfere negatively with successful recycling schemes. Natural 
materials are derived by renewable sources and in general are not hazardous, but the whole 
lifecycle should be considered in order to define if they improve or deteriorate the environmental 
performance of packaging.  
3.5.4 Manufacturing of packaging components and products 
The production process for the packaging components and final product should follow 
lean and clean manufacturing methodologies that efficiently use materials, energy and machine 
utilization in order to produce safe and with zero defects products, by generating minimum waste 
and emissions, but in parallel keep costs down and pass savings to customers. 
3.5.4.a Use lean manufacturing processes 
Lean processes is a leading manufacturing paradigm being applied in many industrial 
sectors, where improving product quality, reducing production costs, but also increasing speed-
to-market and responsiveness to customer needs are critical to competitiveness and success. Lean 
principles and methods focus on creating a continual improvement culture within the 
manufacturing organization that engages employees and management in reducing the intensity of 
time, materials and capital necessary for meeting the customer’s needs. Lean manufacturing is a 
production practice that considers the expenditure of resources for any goal other than the 
creation of value for the end customer to be wasteful and thus a target for elimination. Basically, 
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lean is centered on creating more value with less work. Waste is defined as anything that does 
not add value to the customer or anything the customer is unwilling to pay for. In this more 
general definition, waste can be: 
 defects leading to decreased value, to waste or corrective rework 
 overproduction 
 waiting stages within the process 
 excess of inventory 
 excess of processing steps 
 unnecessary and staining human motion 
 unnecessary transport and conveyance of goods 
While lean production’s fundamental focus is on the systematic elimination of non-value 
added activity and waste from the production process, the implementation of lean principles and 
methods also results in improved environmental performance [45]. 
 
Figure 3.4: Seven wastes in Lean manufacturing systems 
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3.5.4.b 244BUse clean manufacturing processes 
Clean manufacturing is part of a continuous improvement strategy helping producers to 
improve their productivity, profitability and competitiveness. Clean seamlessly integrates with 
lean manufacturing practices to optimize processes resulting in improved environmental, energy 
and worker health and safety performance. Clean manufacturing eliminates the use of toxic 
material, optimizes the use of materials, energy and water, minimizes wastewater, air emissions 
and solid waste and rationalizes transportation of goods. Overall clean manufacturing processes 
improve the environmental impact and contribute to the sustainability of packaging. 
 
Figure 3.5: LEAN manufacturing eliminates DOWNTIME and CLEAN manufacturing strives for NO WASTE  
3.5.4.c 245BUse renewable energy sources 
Energy consumption in the manufacturing of packaging is often underestimated since 
many designers focus their attention on material selection and reduction, and often misvalue the 
environmental impact of the energy invested in the package. Manufacturing of products should 
require minimum amount of energy which should come from clean and renewable sources. 
Beyond the finite fossil fuels and petroleum, sources of energy such as solar, hydroelectric, 
wave, biomass, geothermal, osmosis and wind energy are sustainable and should be inquired in 
all stages of the package lifecycle.  
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3.5.5 Transportation of components and products 
The movement of goods is an inevitable activity that requires energy and leads to air 
emissions. The sourcing of raw materials and packaging components, the distribution of finished 
goods and the recovery systems of post-consumer materials, all of them consist goods 
movements and transportation that should be considered in the overall equation of the 
environmental performance of packaging. 
3.5.5.a Define transportation way 
Different transportation means have different level of impact which makes their selection 
an important parameter for sustainability. Rail, ship, truck, van, air freight generate different 
level of emissions -in 6.10 a brief comparison of different transportation options by using LCI 
data will be presented- and different limitation factors. Not all transportation options are always 
available for the same route and in many cases combination of different means of transportation 
maybe required within the transportation route. Nevertheless it is important to know the limiting 
factors per type, to optimize the load accordingly and to select the most beneficial transportation 
way among the ones that are available. 
3.5.5.b Optimize the load 
Optimizing the load in order to fit more products in less space not only reduces the 
impact of transportation but it has a direct financial benefit. Load optimization includes the 
increase of the cube efficiency of the product in the primary packaging, the modification of the 
case-count and the case arrangement on the pallet in order to fit more products per pallet layer 
and finally the improvement of the pallet height in order to maximize the products per load. 
Reduction or elimination of packaging materials affects the transportation efficiency and should 
not be undermined, since less packaging means that more products can be transported in their 
place (Figure 4.68). The same applies also when moving from diluted to concentrated products, 
where again the product transportation efficiency is increased per product dosage. 
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3.5.5.c Reduce travelling distance 
Emissions and energy consumption are proportional to the travelling distance. Therefore 
minimizing the distance for packaging materials in the sourcing chain, but also for the finished 
goods in the distribution channels is beneficial for the environment and leads to significant 
economic benefits. In product system configurations that require returnable packaging, the 
recovery system set-up plays a very important role. The obvious benefit from the reusable 
packaging solution and the avoidance of new packaging production can be overthrown by the 
effect of transportation of the empty packaging, if the recovering process is not efficiently 
configured. 
3.5.6 Use of products 
Increasing package lifetime means that consumers will use the packaging for a longer 
period of time and therefore waste generated by them will be reduced. Lifetime of a package can 
be influenced with several different approaches. 
3.5.6.a Concentrate products 
Concentrating products is a designing policy linked mainly to the product itself and less 
to the packaging. The concentrated products require smaller dosage and therefore last longer 
compared to the same volume of diluted products, resulting to less packaging per dose of 
product. Compact products make transport more efficient and result to better use of storage space 
in warehouses, supermarkets and at home. Packaging should be designed in a way that fosters 
the concentrated product and that assists consumers in the proper dosing of the product. New 
technological developments in the detergents and fabric conditioners product category has 
allowed these products to be produced in a concentrated format, which has proven to be one of 
the most revolutionary developments in retailing within the recent years (4.12). 
3.5.6.b Make reusable packaging 
A reusable or refillable product system is another designing attribute that can expand the 
lifetime of the product packaging. This policy is intruded early in the design stage of the product 
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and pays off once the product is exhausted. Since it refers to the end-of life of the product, it is 
one of the policies with the waste hierarchy (Figure 3.6) that will be presented in 3.5.7.  
3.5.7 Waste hierarchy 
Waste hierarchy illustrated in Figure 3.6 is a globally recognized tool that provides the 
general direction for the environmentally preferred strategies in order to handle waste. Moving 
towards the upper levels of waste hierarchy saves money, raw materials, water and energy and 
reduces the overall impact on the environment therefore these strategies are the most preferred. 
As noted by INPEN, doing more with less is the key concept behind these strategies [46]. 
 
Figure 3.6: Pyramid of waste handling preference 
It is during the very initial phase of packaging designing that the waste hierarchy should 
be considered, in order to minimize the environmental impact of the package at the very end of 
its life span. Prevention and minimization are the preferred policies, that contribute to waste 
avoidance from the very beginning of the packaging life and although they are very basic 
concepts, there implementation is a demanding process. Reuse is a product design attribute that 
extends the life span of the packaging component. Once packaging has completed its life, all 
resources -material and energy content- should be effectively recovered with minimum losses 
and use of external resources, to be introduced in a new natural or technical loop. Recovery 
diverts materials from landfill disposal to an input for a new lifecycle, converting a ‘cradle to 
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grave’ linear system (Figure 3.2) to a ‘cradle to cradle’ circular system. Recovery systems can be 
distinguished in the following general categories: 
 Technical recovery: reusing components or recycling to recapture value of materials such 
as glass, metal, paper, PET, PE 
 Biological recovery: composting to recover the nutrient value of basic biological 
materials such as paper, paperboard, wood, biodegradable polymers 
 Energy recovery: convert waste to energy by recovering the energy content that package 
materials contain 
Table 3.4: Environmental, social and economic impacts and avoided impacts of waste management options 
Waste Management 
Policy 
Environmental Impacts 
(-) 
Environmental Benefit 
(+) 
Social Impacts 
(+ / -) 
Economic Impacts 
(+ / -) 
Prevention 
Avoidance 
Removal 
None Avoid all stages of the product life 
cycle=less materials, energy, 
emissions, waste 
Need to change 
consumption habits 
Reduced production 
needs=economic 
losses for 
manufactures 
Minimization 
Reduction 
None Avoid all stages of the product life 
cycle=less materials, energy, 
emissions, waste 
Cost saving to 
consumers 
Cost saving to the 
manufacturer 
Reuse Transport= fuels, air emissions 
Cleaning=water, detergents 
Avoid materials extraction and 
product manufacture=less 
materials, energy, emissions, 
wastes  
Avoid landfilling=less air emissions, 
leachate, visual impact 
Need to change 
consumption habits 
New business 
opportunities for 
collection & 
refurbishment 
service 
Remanufacturing Transport= fuels, air emissions  
Manufacture of replacement 
parts= materials, energy, 
emissions, wastes  
Remanufacturing= energy 
Avoid materials extraction and 
product manufacture =less 
materials, energy, emissions, 
wastes  
Avoid landfilling=air emissions, 
leachate, visual impact 
Need to change 
waste disposal 
patterns 
New business 
opportunities in 
remanufacturing 
Recycling Transport= fuels, air emissions  
Reprocessing= energy, water, 
chemicals, emissions, wastes 
(contamination, by-products) 
Avoid virgin materials 
manufacturing= materials, energy, 
emissions, wastes  
Avoid landfilling= air emissions, 
leachate, visual impact 
Need to change 
waste disposal 
patterns 
New business 
opportunities in 
reprocessing 
Composting Transport= fuels, air emissions  
Composting= energy, water, 
possibly odor 
Avoid fertilizer and pesticide 
manufacture= materials, energy, 
emissions, waste; water 
Increase crop yield from use of 
compost 
Need to change 
waste disposal 
patterns 
New business 
opportunities in 
composting 
Energy Recovery Transport= fuels, air emissions  
Energy recovery 
process=energy, water, 
emissions, solid wastes  
Avoid energy production= air 
emissions, waste water, solid 
wastes (ash) fuel consumption 
Avoid landfill impacts= air 
emissions, leachate, visual impact 
Possible 
community 
opposition to new 
facilities – 
perception of 
environmental 
impacts 
New business 
opportunities in 
energy recovery 
Disposal – landfill Transport= fuels, air emissions  
Landfilling= air emissions, 
leachate, visual impact 
Avoid energy production (if gas 
recovery and energy generation at 
landfill)=air emissions, waste water, 
solid wastes (ash), fuel 
consumption 
Community 
opposition to new 
landfills – 
visual/aesthetic 
impact 
Low cost of disposal 
a disincentive to 
recovery and 
recycling 
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Landfilling is the least preferred option in the end-life of packaging since it leads to 
material and energy loss and in parallel burdens the environment. The only disposal habit that 
could outrun landfilling in environmental negative effect would be littering or open fire burning 
of waste. A synopsis of the environmental, social and financial impact for different waste 
management policies is shown in Table 3.4. 
Table 3.5: Wal-Mart’s 7R’s of packaging policy 
R policy Desirable principles of sustainable packaging for suppliers 
Remove: Eliminate unnecessary packaging, boxes or layers. It is also important to eliminate materials harmful to human 
health and the environment 
Reduce: "Right-size" packages, optimize material strength and design packages appropriately for contents and 
merchandising requirements 
Reuse: Wal-Mart has a goal that all transport packaging will be reused or recycled by 2011 through improved pallets and 
reusable plastic containers (RPCs) 
Renewable: Use materials made of renewable resources, or select biodegradable or compostable materials 
Recyclable: Use materials made of the highest recycled content without compromising on quality, including post-consumer 
recycled material (PCR) where appropriate. Components should be chosen based on recycle-ability post use, with 
a goal of increasing the municipal recycling rate to 35 percent by 2011. Another example is to build packaging out 
of single material components for easy sorting and recycling 
Revenue: Achieve all principles at cost parity or cost savings 
Read: Get educated on sustainability and how suppliers play a part 
The 3R’s policy -Reduce, Reuse, Recycle is a simplified approach, based on the core 
elements of the waste hierarchy. Wal-Mart in their effort to reduce packaging across their global 
supply chain by 5 percent by 2013 has extended the 3R policy to their own 7R’s policy presented 
in Table 3.5. As a matter of fact all words in Table 3.6 can be linked to actions concerning 
sustainability, therefore by selecting from the list a new R policy can be build. 
Table 3.6: Pick your R-words to build your own sustainability policy 
Realize, Reconsider, Redesign, Rate, Rationalize, Recognize, Resolve, Rank, Reuse, Record, Recreate, Recover, Retry, Race, 
Reconstruct, Reach, React, Readjust, Reassess, Rebuilt, Recap, Receive, Recommend, Remove, Recruit, Rectify, Redefine, 
Redevelop, Redirect, Redo, Refill, Refocus, Reform, Refresh, Refuse, Read, Revisit, Regain, Regulate, Reinforce, Reinsure, 
Reject, Reassemble, Rejoin, Relate, Release, Recycle, Rely, Remain, Remake, Repackage, Repair, Repeat, Raise, Replicate, 
Report, Repower, Repress, Repulse, Request, Require, Research, Reserve, Reduce, Reset, Resign, Respect, Respond, Restudy, 
Rethink, Renew, Retire, Return, Revalue, Reveal, Review, Revise, Revive, Rewind, Rework, Rise, Roar, Rule, Reloop, Revenue, 
Rescue, Remind, Reward, Remember 
3.5.7.a Eliminate waste 
The overall goal for modern solid waste management systems is to totally eliminate 
waste -after all, waste is really a design flaw (or at least it should be consider as such). Zero 
waste (or ‘Xerox waste’ as Xerox has adapted this policy in their cooperation) is the guiding 
principle that focus on materials instead of waste, conserves natural resources through waste 
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prevention and recycling, turns discarded resources into jobs and new products instead of trash, 
promotes products and materials that are durable and discourages products and materials that can 
only become trash after their use.  
3.5.7.b Prevent waste 
Based on the waste hierarchy, the single most important waste elimination strategy is 
prevention and avoidance also known as ‘Remove’ in the 3R policy. Removal and elimination of 
unnecessary packaging layers and components, or even avoidance of packaging completely in 
the first place, suppresses material lifecycles and naturally eliminates all consequent flows and 
their negative impacts, therefore is the optimum policy for sustainable packaging.  
Removal of packaging is usually not applicable in well-designed lean packaging 
applications. It is in excessive and over-packaged applications that such opportunities can be 
found. Sometimes the removal of a packaging component will have to be combined with a 
replacement from other component or with the increase of strength for an existing packaging 
component. For example in the removal of wooden pallets a slip sheet has to be added for the 
pallet handling. In the removal of corrugated shipper for caseless packaging, the bottles’ vertical 
strength has to be increased; therefore more material for the bottles is needed. In these cases 
were a packaging component is not simply removed, but it must be compensated by an addition 
or an increase of another component, a thorough analysis is needed, in order to determine if there 
is an overall benefit. 
3.5.7.c Reduce waste 
Source reduction is also a great strategy for waste minimization, because it depresses the 
impact of the material lifecycle, from the very beginning of raw material extraction, to the very 
end of packaging disposal. Using less material, by reducing size, thickness and weight, means 
that less material will be sourced, converted and distributed, decreasing the energy required in all 
stages. Less packaging improves the product transportation efficiency and ultimately puts less 
material into the waste stream.  
Minimizing packaging material is a simple concept, but a very complex and delicate 
process. The right balance should be found between the environmental impact of packaging and 
product integrity. Packaging should be physically designed so that material usage is optimized 
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without being detrimental for the overall package function. Packaging toughness contends with 
maintaining the integrity of the contents from the packaging line all the way through distribution 
to its end-use customer. The weight and durability of the packaging components is a key 
parameter for the machinability and smooth operation of the production lines during the finished 
goods production process, but also for the protection and preservation of the goods during their 
storage, transportation and use. In many applications the weight of packaging is linked to the 
perceived value of the goods and the overall package presentation may define the consumer’s 
acceptance. At some point during the down-gauging of a flexible material or light weighting of a 
rigid one, a performance threshold will be reached where additional removal of material will 
cause the package to fail achieving stiffness or toughness requirements. When packaging weight 
reduction fails to protect the product then the benefit from material conservation is eliminated 
due to production interruptions, product loss, scrap generation or even loss of sales.  
Technology progress made it possible for many products to be packaged in less material 
(Figure 3.7). This is not always possible and there are applications where more packaging is 
needed. For example, a few years ago, when the use of preservatives was reduced in some 
products, the packaging had to be increased to provide additional protection to ensure a sufficient 
shelf-life. Similarly there is an increasing demand for tamper-evident features which usually 
mean the use of an additional piece of packaging. 
 
Figure 3.7: Material reduction for 1L Fairy plastic bottle and for the 400gr Heinz metal can 
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3.5.7.d Reuse packaging 
Reusable packaging expands the components useful life with minimum or even with no 
reprocessing needs; therefore it is a good practice in order to decrease the negative impact of 
packaging in both ends of its life span. On the one end it reduces the raw materials extracted and 
the energy used for manufacturing a new packaging component, on the other end it prohibits or 
more precisely postpones the disposal of the package, therefore reduces waste generation and 
saves the energy that would be expended in the recovering process. Overall, reusing a package is 
an environmentally positive design strategy, since increased return value is achieved for the 
original processing input. Often, it's the package's application that helps determine whether reuse 
can be considered as an option or not.  
 
Figure 3.8: Reusable packaging is a vehicle for a greener environment 
A reusable package will be refilled or reused multiple times by the consumer, retailer or 
producer and this is something that should be considered in the design phase of the component. 
The life extension for the packaging from a technical point of view requires that packaging is 
more durable and fulfils all use and handling requirements for a longer period of time, but also 
assists and persuades consumers to reuse. Tradeoffs and compromising are often required at the 
designing process in order to address across the lifecycle the reuse environmental priority versus 
single use packaging solutions.  
A reusable package should foster the refill and reuse of the product and have an added 
durability in order to complete the multiple life loops without facing performance issues. This 
over-designing of reusable packaging compared to the single-use package, can become a 
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potential pitfall, if consumers finally do not reuse the package and its added durability is thrown 
away. Therefore reusable packaging should promote and clearly communicate their reusability, 
but also create a sense of attachment for the consumers, so that once it is empty it does not end 
up in the bin, but it is kept or returned in order to be reused. At some point even a well-designed 
and fully utilized reusable package will reach the end of its usefulness. Therefore, it is necessary 
to consider construction material that can be recovered at their end-of-life. 
If packaging is reused by the consumer, then lightweight refill product formats must be 
available in the market, which combine easiness of refilling and attractive pricing. In this 
configuration, consumers buy one strong container to keep at home and refill it with the 
subsequent purchases of the lightweight refill products [47]. In order to make consumers keep 
and reuse the package, it should be designed in a way that people will feel attached to it and will 
be willing to keep it for a second or third round of use. Otherwise if packaging, designed for 
reuse, is disposed after a single use, the gain from the reusing process becomes a loss of 
excessive material.  
When the package is returned and reused by retailers or producers, consumers must have 
a strong incentive to return the package that should be fostered and enhanced by a convenient 
returning procedure. The returning acts of the consumers must be supported by a proper recovery 
system that facilitates the collection of the returned components and that effectively transports, 
sorts out, cleans and refills products at the manufacturer. Considering the infrastructure and 
logistical needs for good planning and proper process set-up are key in the designing of such a 
packaging system, so that the reusable option of the package will be an easy and viable process. 
Current collection methods may be too complex for most consumers, retailers and manufacturers 
to follow, but they may become more accessible as technologies and processes develop in the 
future.  
Overall, the reusable packaging should be environmentally beneficial versus single-use 
package solutions. In order to ensure this, a comparative analysis has to be conducted in the 
design phase of such a system between reusable and one-way packaging. If handling, shipping 
and cleaning of reusable packaging have equal or greater impact than a packaging designed for 
single-use, then reusable option should be avoided. Some industrial examples of refillable 
products are presented in 4.10. A special category of consumer reusable packaging are materials 
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that find a different use once their initial use of carrying the product is completed like the 
examples that are presented in 4.9. 
 
Figure 3.9: Packaging can have a different use from what they were designed for 
3.5.7.e Recycle packaging 
Reusing and recycling are natural survival strategies for many people in the developing 
world. In rich countries people have abandoned this habit a long time ago and are now relearning 
from the beginning how to reuse and recycle. Recycling is well recognized through the recycling 
symbol illustrated in Figure 3.10, which shows a Möbius loop consisting of three chasing arrows 
in the shape of a triangle with rounded vertices. Each arrow represents a stage of a successful 
recycling program: collection, remanufacturing and use. The original recycling symbol was 
designed in 1970 by Gary Anderson, but the Möbius strip itself was discovered in 1858 by 
August Ferdinand Möbius (1790-1868), a German mathematician and astronomer, who has been 
a mathematical marvel of simplicity, singularity and continuity. More symbols related with 
recycling are presented at Appendix I. 
 
Figure 3.10: The Möbius Loop is an internationally recognized recycling symbol 
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The term sustainability is frequently falsely associated only to recycling and many times 
recycling is considered as the best or even the only environmental friendly strategy for 
packaging. Recycling ranks lower in the waste hierarchy versus prevention, minimization and 
reuse (Figure 3.6), since additional energy has to be invested into the material in order to 
recover, purify and re-enter it in the market as post-consumer material. Nevertheless, recycling is 
a very important process because it diverts valuable materials in the waste stream from landfills 
or incinerators and re-loops them in the manufacturing cycle. Recycling can be chemical when 
materials are broken down to their structural units by breaking their chemical bonds and re-
synthesized or mechanical when the materials are directly recovered for use in new applications. 
Mechanical recycling requires less energy and therefore is preferred versus chemical processing, 
but chemical recycling can provide materials with properties very similar to virgin materials. 
Either way both processes produce post-consumer materials that can substitute virgin material 
thereupon eliminate all activities related to their production process. Since materials collected for 
recycling have already been refined and processed once, their re-manufacturing is usually much 
cleaner and requires less energy than the first time. The energy benefit for recycled material 
versus virgin material production differs by material type, but almost all recycling processes 
achieve significant energy savings compared to production of virgin materials as shown in Table 
3.7.  
Table 3.7: Energy required for the production of raw and recycled materials [48] 
Material Recycled 
(MJ) 
Virgin 
(MJ) 
Energy 
Savings 
Newsprint 31,8 51,2 38% 
Corrugated board (unbleached) 27,1 35,5 24% 
Steel slab 6,59 34,6 81% 
Aluminum ingot 14,1 208 93% 
HDPE 18,4 74,9 75% 
PET 20,4 76,4 73% 
PVC 15 58 74% 
Glass 10,7 22,5 52% 
Traditional recycling schemes usually result in some form of degradation to the 
environment and downgrade of the material being recycled. In fact, most recycling is actually 
down-cycling, as materials are reused in less valuable applications in each cycle. In order to have 
a sustainable process, materials should be at least same-cycled into a product of equal value or 
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even up-cycled into a product of higher value; while the process would either have no impact on 
the environment or even improve it. Another term that links prevention with recycling is pre-
cycling, which describes the process where materials do not enter the recycling stream by 
avoiding using them in the first place. This could be achieved through packaging removal or by 
conscious decision of avoiding products with excessive packaging. 
Optimizing the recyclability of packaging, so that it can easily find its way into the 
recycling stream and effectively get recycled, is an important aspect in the design phase of 
packaging. Most packaging can be recycled, but chances to be actually recycled increase if 
design is optimized so that consumers and recyclers are guided and assisted in doing so. A key 
element for recycling is the ability to easily and efficiently separate different types of materials 
and it is this attribute that differentiates waste and garbage from recoverable useful materials. For 
instance, non removable paper stickers on plastic containers or multi-layer components of 
different plastic materials create objects that are more difficult to be recycled. A general rule is to 
avoid mixing different materials for producing packaging components and to select commonly 
recycled materials. If a mix of different materials is unavoidable, then these should be easily and 
effectively separated. In Table 3.8 some general recycling rules for popular packaging material 
categories are presented. 
Table 3.8: General recycling rules per material category 
Material General recycling rules 
Paper Newspaper is almost always recovered in community recycling programs. Some communities also collect white and 
colored paper (sometimes combined as "mixed paper") and used cardboard boxes, such as cereal boxes or 
corrugated shippers. Recycling process breaks cellulose fibers. Virgin fibers are often added to maintain quality.  
Plastics Although polymers can be recycled recycling streams do not exist for all materials. Different plastic types must be 
recycled separately. PET and HDPE are the polymers that are more frequently recovered such as detergent bottles, 
beverage containers (e.g., soda, milk, and juice), and containers for various household products. Also, many grocery 
stores collect used plastic grocery bags on site for recycling. 
Aluminum Almost all recycling programs include aluminum beverage cans. One of the most highly recycled packages is 
aluminum cans that are made into new cans in as little as 90 days after they are collected. Some communities also 
collect aluminum foil for recycling. Aluminum can be recycled indefinitely. 
Steel Many steel products contain a high percentage of recycled steel. Some are even made from 100 percent recycled 
steel. Many communities collect soup cans and other steel food packaging containers, as well as steel aerosol cans, 
for recycling. 
Glass Glass food containers, such as jars and bottles are usually recyclable in many communities. In some cases separate 
selection streams exist for white, green and brown glass, making the collection process more complex, but the 
recycling of the material more beneficial. Glass can be recycled indefinitely and 1kg of old produced 1kg of new glass. 
Designing a package that is recyclable does not mean that the package will actually get 
recycled and win its green credentials. A package will be recycled only when the appropriate 
recycling system is effective and when there is participation to this system. Different 
 70 
communities or countries follow different policies and rules when it comes to recycling of 
packaging materials and it is very important to be familiar with the recycling scheme in the 
market where the product will be launched when designing the packaging for this product. 
Recycling systems are well linked to consumer habits and attitudes, which define the overall 
success in the recycling process. Globally various recycling systems exist with different levels of 
complexity and output efficiency linked to governing, social, cultural and educational differences 
per region (Figure 3.11). In most of the European countries recycling of packaging materials is 
quite popular with various harvesting, separation and processing procedures being applied per 
region (Figure 3.13). 
 
Figure 3.11: Blue bins for consolidate packaging materials in Greece vs. multiple recycling bins for different materials in Japan 
 
 
Figure 3.12: Material separation at the source by consumers eliminates laborious separation processes at the recyclers 
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In Europe, Germany, Belgium and Austria head the EU in its recycling efforts with over 
60% of packaging being recycled (Figure 3.13). Greece falls short with only 30% of its 
packaging being recycled and the remaining 70% going to the landfills. Unfortunately many 
countries in the European Union as well as the United States efforts in recycling are more similar 
to Greece than they are to Germany, Belgium and Austria (Figure 3.16). Within the same region 
different materials may have different recycling rates depending to the efficiency of the 
recovering system. For example in Belgium although the glass recycling rates exceed by far 
95%, this falls below 50% for the recycling of paper (Figure 3.14). 
 
Figure 3.13: Packaging production and recycling for selected European countries in kg per person [49] 
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Figure 3.14: Recycling rates for paper and glass [49] 
In some cases it is the packaging producers that set-up their own recycling process in 
order to win their green credentials. For example Tetrapak had to develop proprietary technology 
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and set up its own recycling networks for their multilayer liquid containers in order to separate 
the different layers and retrieve the different materials like paper, plastic and aluminum from 
their aseptic food packaging solutions (Figure 3.15). 
 
Figure 3.15: Multilayer packaging from Tetrapak 
Designing recyclable packaging tackles only one end of the equation. The effort would 
not be complete if there is no demand for recycled material in the market, so that post-consumer 
matter can find its way back into the production stream. Substituting virgin materials by post-
consumer material is an important activity that supports recycling flows and reduces virgin 
material demand. The use of recycled materials can pose technical challenges. Post-consumer 
polymers are usually beige or brownish-green in color. To overcome this, colorants may have to 
be added to the bottle. Adhesives may need to be more aggressive when a bottle made with post-
consumer recycled materials is labeled because contaminants may bloom to the surface and 
unglue the label. Recycled material properties have a larger variation, which leads to a narrower 
production process window. Another challenge for post-consumer materials is their use in food 
packaging. If the level of purity of recycled material is not food-grade, then co-extrusion process 
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may be used to tackle this technical challenge, where essentially a multilayer packaging 
component is produced, so that the post-consumer materials is covered by a layer of virgin 
material in order to avoid food contact. Inner and outer virgin material layers can secure that the 
product is not touching the product and the outer surface maintains the aesthetics and the 
properties of the virgin materials. 
3.5.7.f Recover energy 
Energy recovery takes advantage of the energy content that has been invested in 
packaging components, when material recycling is not feasible. Energy can be derived from 
waste in three basic forms: thermal energy from combustion, chemical energy in the form of 
combustible gases, liquids or solids, mechanical energy from high pressure motion which is then 
stored in various forms or immediately consumed. Recovery technologies can be categorized in 
thermal or non-thermal processes.  
Incineration is the most abandon thermal technology that recovers energy from waste 
through combustion of organic matter and it is abundant in several northern European countries 
(Figure 3.16). Pyrolysis producing combustible tar, bio-oil and chars, gasification leading to 
combustible gas, hydrogen and synthetic fuels production, thermal depolymerization producing 
synthetic crude oil, which can be further refined, plasma arch gasification producing rich syngas 
including hydrogen and carbon monoxide are all thermal processes that use high temperatures to 
break down waste. The main difference is that they use less oxygen than traditional mass-burn 
incineration and produce fuels in various forms.  
On the other hand non-thermal technologies like anaerobic digestion leading to biogas 
rich in methane, fermentation producing ethanol, lactic acid and hydrogen, but also mechanical 
biological treatment (MBT) are processes where under special conditions micro organisms break 
down waste and usually generate fuels for energy. Packaging materials that will end up in an in 
energy recovery streams, should be safe and suitable for this process and not produce by-
products harmful for humans and the environment. 
3.5.7.g Dispose packaging 
Land-filling is the least preferred disposal method in the waste hierarchy (Figure 3.6). 
The investment that has been made in materials and in energy to extract, refine and produce the 
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packaging components is immediately lost once the component ends up in a landfill. Besides the 
loss of valuable resource by the disposal of post-consumer packaging in land-filling, the natural 
environment is also affected by the dumping process due to the leachability of the materials and 
their derivatives. In landfills packaging waste materials decompose and breakdown in a slow 
process that takes from several years to several lifetimes depending on the material type. In the 
environment if the conditions are right a paper towel may decay in 2-4 weeks, a newspaper in 
6weeks, a plastic bag in 10-20 years, a plastic film canister 20-30 years, a tin can needs 50 years, 
an aluminum can 80-200 years, a plastic beverage bottle in 450 years and a glass bottle over 
1.000.000 years [51], [52], [53]. These decaying times change when moving from landfill 
conditions to ocean conditions. When components contain harmful substances and if proper 
measurements are not taken in landfills the decomposing and leaching process will lead to land 
and water stream pollution. Since consumption rates are constantly increasing, the same happens 
also for the generated waste and in regions that strongly rely to landfill waste management 
(Figure 3.16)-where waste is not diverted to alternative processing methods - the land needed for 
dumping waste increases as well, which at the end leads to vast degraded land areas. 
 
Figure 3.16: Management of municipal waste for EU 15 (2005) 
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3.5.8 Cradle to cradle 
Cradle to cradle design is a holistic sustainability approach that models human industry 
into a technical metabolism inspired from and integrated to nature’s biological metabolism 
processes (Figure 3.17). In cradle to cradle design, products are developed for closed-loop 
systems, in which every ingredient is safe and beneficial, either to biodegrade naturally and 
restore the soil, or to be fully reused or recycled in continuous loops leading to high-quality 
materials for subsequent product generations. Cradle to cradle concept was first phrased by 
Walter R. Stahel in the 1970s and recently has been popularized by William McDonough and 
Michael Braungart in their 2002 book ‘Cradle to Cradle: Remaking the Way We Make Things’ 
[54]. 
 
Figure 3.17: Biological metabolism as an inspiration for the technical metabolism 
Technical metabolism, through cradle to cradle design, mirrors the healthy, regenerative 
productivity of nature, and thereby creates an industry that is continuously improving and 
sustaining life and growth. The closed loop processes of technosphere within the biosphere in a 
value assorted hierarchy are illustrated in Figure 3.18. Industrial materials safely and 
productively flow within the two integrated systems of metabolism, just like natural materials 
flow within a biological metabolism. Technical nutrients flow within technosphere where they 
can be reused or mechanically/chemically recycled with no loss of quality and mass and with 
minimum energy requirements, derived from sustainable sources. Biological nutrients through 
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sustainable ways of harvesting are inputted in the technosphere for production and outputted to 
the biosphere to be composted or consumed with parallel energy recovery.  
 
Figure 3.18: Closed loop processes of the technosphere within the biosphere 
Production techniques in this framework are not just efficient, but they are essentially 
waste-free. Utilizing biological nutrients and technical nutrients eliminates the concept of waste 
and resource depletion problems. Just like in nature, waste equals to food for other systems and 
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all materials are inputs to lifecycles either as technical or as biological nutrients. Materials are 
safe, can be used over and over and leave a beneficial legacy for human and ecological health 
throughout the repeated loops supported by economically viable collection and recovery systems. 
In contrast, cradle to grave refers to a company taking responsibility for the disposal of goods it 
has produced, but not necessarily putting products’ constituent components back into service.  
3.5.9 Biomimicry 
The 30 million species on this planet are the outcome of 3.8 billion years of evolution and 
represent a priceless source of knowledge and inspiration. Biomimicry is an innovation method 
that seeks sustainable solutions by emulating nature's time-tested patterns and strategies. The 
goal is to create products, processes, and policies that are well-adapted to life on Earth over the 
long haul. 
 
Figure 3.19: What if nature was not just an inspiration for design, but our packaging resembled more the packaging found in nature 
Nature’s packaging is quite different from today’s man-made packaging solution, 
contains nature’s evolution experience and is fully integrated in the biological metabolism. In the 
process of improving packaging and in the very idea of eliminating waste from industrial 
processes, biological metabolism provides significant learnings over industrial materials closed 
loop systems. Nature in many cases faces similar packaging challenges, such as protecting the 
content from the outside world, containing items together, or even advertising the content to the 
right consumer.  
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Life’s natural principles instruct people to build from the bottom up, self-assemble, use 
free energy, embrace diversity, adapt and evolve, use life-friendly materials and processes, 
engage in symbiotic relationships and enhance the bio-sphere. Nature demands from all 
inhabitants to perform well. In fact, if a design strategy is not effective in the natural 
environment, its carrier dies and the strategy gets distinguished. Nature has been vetting 
strategies for billion years, allowing only successful strategies to survive.  
Energy is a precious and expensive resource in the natural world. Plants have to trap and 
convert it from sunlight and predators have to hunt and catch it. As a result of the scarcity of 
energy, life tends to organize extremely energy efficient designs and systems. Material, like 
energy, is also an expensive resource in nature, therefore shapes are built so that material use is 
minimized and performance is optimized. Waste is an unknown term for natural systems, all 
materials flow in closed loop nutrition cycles where the output of one habitat is the input for 
several others creating a zero waste environment.  
Mimicking nature’s operations, designs, energy and material flows, can be an inspiration 
for manmade packaging design, for manufacturing processes and also material flows in order to 
become much more efficient, generate savings and reduce waste. Table 3.9 contains some 
examples of successful natural application that can inspire man-made packaging. 
Table 3.9: Natures packaging examples for biomimicry applications [55] 
 Attribute Application 
 
Lettuce is almost 98% water, but when the skin is puncture it 
doesn’t leak, due to a fibrous matrix that retains water against 
the force of gravity. 
Liquid containers 
 
Tick’s inflatable body can ingest up to 624 times its body 
weight, since unique coils in its abdomen expand four-fold its 
size. 
Expandable container 
 
Sandfish Lizard’s skin outperforms steel in abrasion 
resistance, due to a special glycosolated surface. Surface protection 
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Snail’s built-in reversible system for an organic, tough, sealant 
that easily fits unusual shapes or opening prevents 
dehydration. 
Moisture and air 
control 
 
Bananas, besides the bright yellow color, have a handy 
modular easy-opening design and it is conveniently bunched 
with other single units until needed. 
Bright coloring 
Easy-opening 
Single serving 
 
Spiders make silk strong as Kevlar, but much tougher from 
the digested flying crickets and flies, without the need of 
boiling sulphuric acid and high-temperature extruders. 
Ultra light 
Durability 
 
Abalone generates an inner shell twice as tough as the best 
ceramics Surface protection 
 
Diatoms produce glass from seawater without the need of 
furnaces. Material production 
 
Trees turn sunlight, water and air into cellulose, a sugar that 
is stiffer and stronger than nylon. Cellulose is binded it into 
wood, a natural composite with a higher bending strength and 
stiffness than concrete or steel. 
Material production 
 
Peacock’s natural colors without toxic dyes or inks are 
derived from just one brown pigment, melanin. The secret of 
the peacock's plumage is in the microstructure, allowing light 
to bounce in such a way that bright blue, purple, and green 
are produced. The permanent color is safe, bright, and edible. 
Premium printing 
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3.5.10 Financial impact 
In a monetary driven world, the protection of the environment can also be expressed in 
financial terms. The true cost of packaging is becoming more complicated as costs that have 
traditionally been borne by society, such as disposal of packaging, manufacturing and 
transportation emissions, abundant resource consumption like water and energy, are being 
redirected to producers through legislation, taxation and levies. Clean materials and technologies 
are wide-spreading and becoming available in large scale, making them financially sound and 
competitive. In parallel, the increased sensitivity and awareness of consumers leading to 
conscious product selection or rejection, links the companies’ sales revenue with their 
environmental policy.  
At some point the most sound solution for the environment will also be the most 
financially sound option. Packaging design will have to consider the full lifecycle of the package, 
realizing the Shared Product Responsibility concept which consequently seeks to minimize the 
total packaging system cost through efficient, safe and sound package lifecycle design.  
3.6 How to measure green – The Greenometer 
The time may come, when protecting the environment and saving money will go hand in 
hand, thanks to widely available and cheap clean technologies, eco-aware consumer decisions, 
substantial taxing, penalizing and regulating of irrational business decisions. But until that 
turning point comes, when financials will drive environmental protection, the greatest challenge 
packaging professionals face is how to measure the ‘greenness’ of their actions. Key 
Performance Indicators (KPIs), Scorecards or exhausting Life Cycle Analysis (LCA) are some 
tools that can be used in order to distinguish packaging greening from greenwashing. 
3.6.1 Key Performance Indicators for green packaging 
Packaging decisions are like real-life decision, there are not only black and white but 
different shades of grey -or green since the discussion is about the environment. An objective 
evaluation method for these decisions is required. Using metrics and KPIs is a simple solution to 
monitor the progress accomplished versus specific policies in order to improve packaging. These 
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provide measurable objectives, track progress and assist benchmarking against different 
alternatives. Some metrics have been selected and are presented in Table 3.10. 
Table 3.10: Metrics and KPIs that can be used in order to monitor progress for packaging 
Category Performance metric Target Deliverable 
Space utilization Ratio of product volume to cube cell size of primary packaging 
Cube efficiency of product in the secondary packaging 
Consumer units per pallet layer 
Cube efficiency of secondary packaging on pallet 
Secondary packages per truck load 
 
 
 
 
 
Efficient use of space 
for transportation and 
storage 
Weight Benchmark against competitors packaging components (be best in class) 
Weight ratio of packaging per product content 
Packaging weight per product dose (for concerted products) 
 
 
 
Efficient use of 
materials 
Recycled 
content 
Recycled content used in packaging component 
Percentage of post-consumer material used in virgin materials 
 
 
Use less virgin 
materials 
Distance Travelling distance of sourced packaging components and raw materials 
Travelling distance for product distribution 
 
 
Less travelling 
distance  
Emissions Kg of CO2 and equivalents emitted in the atmosphere 
Waste water generated per packaging component 
 
 
Less emissions 
Resources Water used for packaging components 
Energy used for packaging components 
Percentage of renewable energy used for manufacturing 
 
 
 
Minimize resource 
consumption 
Certification Rely on third party certifications concerning packaging components   
End-Life Percentage of actual returned packaging (for returnable product systems) 
Percentage of actual recycled packages (for recyclable packaging) 
Percentage of composted packages (for compostable materials)  
Sales ratio between refillable and straight product (for refillable systems) 
Percentage of packaging send to landfill 
 
 
 
 
 
Understanding the 
end-life scenarios for 
the package 
Entropy Entropy in thermodynamic represents the disorder of a system  Ultimate goal 
Metrics need to be carefully selected depending on the application and should be 
considered as narrow areas of focus where snapshots are taken to indicate progress in this 
specific section. It is important to highlight that good performance in a specific metric cannot 
and should not be generalized to an overall environmental improvement of packaging.  
Last in the list in Table 3.10 is entropy which in thermodynamics represents the disorder 
of a system. The natural tendency for all systems is towards increased disorder and therefore 
increased entropy. Sustainability relies on identifying ways to slow the inevitable process of 
increased entropy. Although minimum entropy as a metric is difficult to follow and monitor, it 
remains a valuable qualitative notion and mind-set, very important for decision making and for 
system evaluation. 
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3.6.2 Packaging evaluation software 
Lately several eco-evaluation programs specialized to packaging have been launched. 
These software applications use very limited LCI information and provide simplified output 
concerning the environmental impact of packaging. Some of these programs are synopsized in 
Table 3.11 and will be briefly presented below. 
Table 3.11: Packaging evaluation software 
Evaluation Tool Input Output 
COMPASS • Primary and secondary packages 
• Material type (from preselected list) 
• Material conversion 
• Material weight 
• Recycling content 
Lifecycle metrics 
• Fossil Fuel Consumption (MJ-eq) 
• Water Consumption (l) 
• Biotic Resource Consumption (m3) 
• Mineral Consumption (kg) 
• Greenhouse Gas Emissions (kg CO2-eq) 
• Clean Production: Human Impacts (DALYs*) 
• Clean Production: Aquatic Toxicity (CTUe†) 
• Eutrophication (kg PO4-eq) 
Packaging Attributes 
• Content (% Recycled)  
• Sourcing (% Certified sources) 
• Solid Waste  
• Material Health 
PIQET • Product/packaging ratio 
• % product remaining in packaging 
• Packaging to landfill as a % and kg 
• Packaging to recycle as a % and kg 
• % recycled content of packaging per pallet load 
• Packaging as a % of packaged product weight 
• kg and % of packaging per packaging level (sub-retail, 
retail, merchandising, traded and pallet) 
• Mass of packaging recyclable 
• Recycled content of each individual packaging 
component 
• Packaging material summary (number of each 
individual packaging material in packaging system 
format) 
• Global Warming / Climate Change (kg CO2-eq) 
• Cumulative Energy Demand (MJ LHV) 
• Minerals & Fuel (MJ surplus) 
• Photochemical Oxidation (kg C2H2 eq) 
• Eutrophication (kg PO43-eq) 
• Land Use (HA) 
• Water Use (kL H20) 
• Solid Waste (kg) 
Wal-Mart 
Scorecard 
 • GHG / CO2 per ton of Production (15%) 
• Material Value (15%) 
• Product / Package Ratio (15%) 
• Cube Utilization (15%) 
• Transportation (10%) 
• Recycled Content (10%) 
• Recovery Value (10%) 
• Renewable Energy (5%) 
• Innovation (5%) 
                                                 
* DALY corresponds to Disability Adjusted Life Years for humans from environmental emissions during the 
production and use 
† CTUe corresponds to a fraction of disappeared species over a cubic meter of freshwater (or marine water) during 
one year 
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3.6.2.a PIQET 
Packaging Impact Quick Evaluation Tool (PIQET) is developed by Sustainable 
Packaging Alliance (SPA) a joint initiative of Victoria University of Technology, RMIT 
University and Birubi Innovation Pty Ltd. PIQET is web based software 
(http://piqet.sustainablepack.org/) specialized in packaging environmental evaluation (Figure 
3.20). Currently it is build to fit the Australian local needs, but work is been carried out in order 
to make it more global. A 50-50 LCA data mix is used between data that have been calculated by 
the RMIT Center of Design and data taken from Various LCA databases. Data are entered in 10 
different screens (overview, components, packaging, converting, transport to filler, filling, 
transport to retail, labeling, and waste management). 
 
Figure 3.20: PIQET graphic report for comparison of different packaging formats 
3.6.2.b Wal-Mart Package Modeling 
In the effort to reduce overall packaging by a minimum of 5% by the year 2013, Wal-
Mart Stores Inc. together with Thumbprint LTD and ECRM created the Wal-Mart Stores, Inc. 
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Package modeling software (Figure 3.21). It is a measurement tool that allows consumer 
packaged goods suppliers and packaging industries to evaluate their products relative to other 
suppliers and manufactures based on specific metrics. Users can create a series of packages 
comparing different packaging materials to determine how the use of preferred materials could 
help reduce environmental impact and improve their scores in Wal-Mart packaging scorecard. 
The metrics evolved from the list of favorable attributes in the 7 R's Wal-Mart policy (Table 
3.5).  
 
Figure 3.21: Wal-Mart Package Modeling from Thumbprint 
3.6.2.c COMPASS 
COMPASS stands for Comparative Packaging Assessment and it is an on-line 
(https://www.design-compass.org/) software tool for packaging designers and engineers to assess 
the human and environmental impacts of their packaging designs. COMPASS was developed by 
the Sustainable Packaging Coalition (SPC), a project of the non-profit institute GreenBlue, and is 
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informed by stakeholder expertise from the packaging supply chain as well as LCA experts. 
COMPASS takes into account the burdens associated with raw material extraction, primary 
material manufacture, conversion and end-of-life (Figure 3.22). The intermediate phases between 
conversion – distribution and use – are not included primarily because these phases are very 
product specific and cannot easily be incorporated in a general guidance tool. It uses EcoInvent 
LCI data and is informed from the guidance found in ISO 14044. 
 
Figure 3.22: COMPASS Lifecycle metrics comparison for concentrated and diluted product 
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3.6.3 Life Cycle Assessment (LCA) 
LCA is a relatively young method that can be traced back to the early 1960s, as an effort 
to rationalize the energy consumption of complex production processes and to aid the generation 
of savings. In 1969 Coca-Cola Company was the first corporation to perform LCA to compare 
resource consumption and environmental releases associated with beverage containers and with 
this work laid the foundation for current LCA studies. Interest grew for the technique in the 
1970s due to the oil crisis and the overall concern for energy issues. Other criteria such as 
resource consumption, emissions, waste and environmental burden came much later as the oil 
crisis subsided. It was in the early 1990s that LCA became a popular tool for monitoring the 
environmental performance and this is how it is used till this day [56], [57]. 
 
Figure 3.23: Lifecycle of a cap of coffee 
LCA is a quantitative methodology for estimating the environmental impact of goods, 
products or services. The fundamental characteristic of LCA is that the evaluation is conducted 
with a holistic approach, that takes under consideration both upstream and downstream flows for 
all the related functions and associated activities for the considered life cycle stages. Through 
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this process a simple activity, like the example of a cup of coffee in Figure 3.23, becomes a 
complex set of activity flows to be considered in the LCA study [58]. 
There are two ISO standards within the 14000 series, specifically designed for LCA 
application. ISO 14040 describes the principles and framework of an LCA investigation and ISO 
14044, that replaced the former 14041-3 standards, contains the requirements and the guidelines 
[59], [60].  
An LCA study according to ISO consists of four steps (Figure 3.23): 
 Goal definition and scope 
 Inventory analysis 
 Impact assessment  
 Interpretation of the study results 
 
Figure 3.24: Life Cycle Assessment process 
The first stage of an LCA study is to define the product, process or activity, to establish 
the context in which the assessment is to be made and to identify the boundaries and 
environmental effects to be reviewed by the assessment. The next stage is the inventory analysis 
where data are collected and calculated in order to identify and quantify the flows for the 
selected system. This step generates the LCI which is a thorough set of data for all relevant input 
and output flows for all stages within the boundaries of the defined system .An example of LCI 
 89 
data can be seen in Appendix IV. The assessment stage aims to evaluate the contribution of the 
inventory data to impact categories as the ones presenter in Table III.1 and  
 
Table III.2. More specifically the LCI data are characterized and translated into 
calculated indicators of potential environmental burden for the predefined categories (Figure 
3.25), which is then normalized and weighted (Figure 3.26). The assessment can provide 
midpoint or endpoint results depending on the method. Appendix III presents midpoint and 
endpoint evaluation methods used in SimaPro LCA software. In the final stage of interpretation, 
results from inventory analysis and impact assessment stages are checked, combined and 
analyzed in order to draw conclusions and make recommendations. 
 
Figure 3.25: Midpoint categories consolidated to damage categories for the IMPACT 2001+ endpoint assessment method [61] 
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Figure 3.26: LCA process for the Eco-Indicator endpoint single-score assessment method  
LCA finds application in the evaluation and comparison of different packaging systems, 
since it can provide quantified holistic environmental information to assist the decision making 
process. In Figure 3.27 and Figure 3.28 the comparison synopsis of alternative packaging 
systems for milk and ice tee are presented. It is obvious that even the thorough assessment of the 
full life cycle of these alternative packaging systems, does not provide a clear answer about the 
most environmental sound packaging solution for the product application investigated, since 
different formats perform differently per each damage category.  
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Figure 3.27: LCA comparison of brick-shaped block cartons vs. monolayer PET bottles 1,5L packaging systems for ice tea [63] 
LCA is an important tool for analyzing, identifying and optimizing the environmental 
burden per each stage in the packaging life cycle in order to minimize the overall environmental 
burden in its life span. This type of analysis will be done for different polymers used for rigid 
container in Chapter 6 where the dominant effect of the raw materials production process versus 
the next stages in the life span of packaging will be demonstrated (Figure 6.37, Figure 6.38, 
Figure 6.39 and Figure 6.40). 
 
Figure 3.28: LCA comparison of brick-shaped block cartons vs. refillable glass bottles packaging systems for fresh milk [62] 
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Finally LCA is very useful for understanding the contribution of packaging in the overall 
environmental impact during the product life span. Several examples of product damage 
assessment are illustrated in Figure 3.29, Figure 3.30, Figure 3.31, Figure 3.34, Figure 3.32 and 
Figure 3.33. In all the above examples, packaging has a small contribution to the overall impact 
of the product and on the other hand the production of the containing product has almost in all 
cases the biggest share of impact on the environment. Packaging is a low value component for 
which a much smaller investment in energy and resources has been made compared to the 
contained product. Consequently packaging generally contributes much less in the overall burden 
versus the product that it carries. This fact clearly indicates the significance of packaging 
protective role for establishing a successful sustainability strategy. If packaging fails to fulfill its 
primary protective role, products are wasted this translates to lost value and significant 
environmental burden. Likewise packaging that does not allow the complete use of the contained 
product leads to value loss and environmental burden proportional to the volume of the unused 
product residues.  
 
Figure 3.29: LCA study for 1 kg natural yoghurt packed in 150gr PS cup and aluminum based lid [64] 
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Figure 3.30: LCA study for a pot of frozen spinach leaves packed in a mono-plastic bag [65] 
 
 
 
Figure 3.31: LCA study for family and single portion pack of butter wrapped in a laminate with an aluminum foil layer [65] 
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Figure 3.32: LCA study for 1 kg beef based ready-to-serve lasagna packed, frozen and prepared in 400g portions [66] 
 
 
 
Figure 3.33: LCA for 1 kg milk chocolate packed in 100g bars made from aluminum foil and wrapped with paper [67] 
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Figure 3.34: LCA study for global warming contribution of ground and instant coffee in pouches and stick-packs made of plastic 
laminate with an aluminum foil layer as a barrier [65] 
 
 
 
 
Figure 3.35: Process based breakdown of greenhouse gas emissions from Scotch whisky life cycle (2006) 
  
 96 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER 4 INDUSTRY EXAMPLES OF PACKAGING 
SUSTAINABILITY 
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4.1 Modern perception for product packaging 
Packaging has become a necessity for modern living in today’s prospering societies, 
where the majority of essential goods would not be available without packaging (Figure 4.1). As 
matter of fact, many societies would face significant survival issues, if packaging was totally 
eliminated from the modern supplying stream. 
 
Figure 4.1: Modern life goes through the aisles of packaged goods 
The connection of life and packaging in the grown societies has been illustrated in the 
work of Peter Menzel and Faith D'Aluisio, Hungry Planet [68], where a combination of 
photographs and essays of thirty families from around the globe is presented, revealing what they 
eat during the course of one week. The family profiles includes detailed description of their 
weekly food purchases, photographs of the family at home, in the market and in their community 
and finally a portrait of the entire family surrounded by a week's worth of groceries (Figure 4.2). 
The photographic study clearly shows the high consumption rates of packaged goods in 
developed societies and on the other hand the conservation of traditional ways of handling and 
preserving goods in developing or underdeveloped societies that follow low consumption models 
or may even face shortage in life’s necessities.  
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Figure 4.2: Families around the globe (Clockwise from top left: UK, USA, Ecuador, Chad) with their weekly groceries [68] 
Packaging is a prerequisite for modern societies and although it may have lower 
environmental impact compared to some of the products it may contain, still it is receiving 
significant amount of attention in environmental debates due to its visibility in the waste and 
litter streams. Although consumers in general understand the necessity of packaging in their life, 
they tend to have a negative perception over its environmental impact. The negative perception 
for packaging as something wasteful and unnecessary originates from the fact that it has a short 
life span, it is most of the time made out of artificial material and usually it is thrown away after 
use, ending up as waste. Significant contribution to this negative perception of packaging 
originates from media and environmentalist campaigns that are being run concerning packaging, 
but also from the increased environmental awareness on a societal level. The packaging industry 
itself contributes to this negative perception, since sometimes the packaging solutions that appear 
on the shelves are far from rational (Figure 4.3 and Figure 4.4).  
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Figure 4.3: Has packaging gone bananas? 
 
 
Figure 4.4: Packaging nothing - The absolute minimalism or the absolute overpackaging? 
The high consumption levels of packaged goods in the developed world and the visibility 
of packaging in the waste streams have generated skepticism in these societies. A simple visit in 
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social network communities, such as Facebook, shows that consumers are concerned about 
overpackaged products. As seen in Table 4.1 several different groups exist against excessive 
packaging with “We Hate Unnecessary Packaging” group being the most popular of all. And 
although the “If 200k people join, we'll pick a day to discard excess packaging in Tesco” group 
is way behind its goal, the overall picture is that consumers are getting involved, are getting 
organized and they are taking a stand against what they do not like. 
Table 4.1: Active Facebook groups related with overpackaging 
Facebook Group Members 
(on 25/5/2008) 
We Hate Unnecessary Packaging 4,778 
Stop over packaging 1,205 
Pro-Recycling, Composting and Minimal Packaging 612 
Loose the packaging 296 
Say no to ridiculous supermarket packaging 244 
Say NO to EXCESS packaging! 238 
Supermarkets could do more to cut packaging waste 223 
Shoppers against unnecessary packaging 214 
Coalition for Appropriate-sized Packaging of Consumer Products 126 
If 200k people join, we'll pick a day to discard excess packaging in Tesco 117 
Say No to Excess Packaging 113 
Stop the production of pointless packaging 115 
Stop Excess Packaging Now 95 
Association Against Unnecessary Packaging 94 
Too Much Packaging 84 
Stop Excess Packaging 44 
Blaming part of global warming on companies wasteful packaging 35 
We want less packaging for Christmas!!! 20 
Protest Against Packaging 12 
Eco-friendly packaging might not be the top priority for shoppers, but it is receiving 
increasing level of attention. According to Nielsen’s global Environmental Concerns survey [69], 
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consumers who said they were very concerned about packaging waste increased from 31% to 
40% between May and November 2007. In this survey run, the concern for packaging waste 
increased more than any other environmental concern outpacing climate change, water shortage, 
water and air pollution and use of pesticides. 
Two out of three consumers consider products to be over-packed according to INPEN 
survey [70]. This belief leads to an assumption that packaging is bad for the environment per se, 
when the consumers are asked about the negative aspects of packaging. However when aspects 
such as product protection, convenience, hygiene and safety benefits of packaging are pointed 
out, these counterbalance their generally negative attitude. 
 
Figure 4.5: Is our world overpackaged? 
According to studies from Perception Research Services (PRS) on consumers and 
shoppers regarding sustainable packaging and broader environmental issues [71], the vast 
majority of shoppers consider recycling as their role and responsibility in protecting the 
environment. In other words, shoppers generally expect packaging to be recyclable and accept 
their responsibility to recycle. It is this general understanding and acceptance from consumers, 
that along with legal regulations and increased convenience and accessibility of recycling bins, 
that has driven a significant increase in recycling. The increased environmental awareness and 
willingness to recycle does not mean that people accept to pay more for sustainable packaging. 
On the contrary, many shoppers comment that their job is to recycle and that it is manufacturers’ 
responsibility to make sustainable packaging affordable. Since shoppers associate sustainability 
with recycled materials, they assume that ‘used’ materials should actually cost less.  
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When it comes to packaging weight reduction, shoppers are not able to detect a weight 
difference, as indicated by the INCPEN survey for consumer attitude to packaging presented in 
the WRAP Guide to Evolving Packaging Design, were participants struggle to detect a 5-10% 
difference in glass container weight, even if they were expecting to have weight difference [72]. 
On the other hand changes in container shape (especially height reductions) can generate a range 
of reactions from consumers, depending on the type of product. 
Cultural, lifestyle and shopping habits around the globe vary and greatly influence 
packaging preferences, nevertheless according to a Nielsen Global Food Packaging Survey 
completed in February 14th 2008, half of the world’s consumers would give up all forms of 
‘convenience packaging’ if it would benefit the environment [69]. 
In terms of environmental packaging claims, shoppers resonate with packaging 
ingredients and particularly oil. The most clear and compelling environmental claims, across 
products and packages are those that refer to ‘no oil used’ or ‘no fossil fuels used’ in the 
production of a package or that refer to positive elements in the production of the package such 
as ‘made from 100 percent renewable resources.’ Just as oil draws negative associations, 
references to natural products (particularly corn) have a positive effect, since consumers 
associate them with renewable and Earth-friendly resources [71]. 
Pressure for improving packaging is not only coming from consumers and NGOs but 
even from stockholders. Big companies are receiving a lot of heat from their investors over the 
waste that is produced by their products. Coke and Pepsi have been challenged by groups of 
socially responsible investors, including ‘Walden Asset Management’ and the ‘As You Sow 
Foundation.’ The shareholders filed a resolution asking the companies to not only use 25 percent 
recycled content in their bottles, but also to put their weight behind recycling programs to 
achieve an 80 percent recycling rate for their beverage containers (two out of three of which 
were at the time landfilled). 
The phenomenon of environmental awareness is increasing also through the employees 
perspective, according to Adecco’s USA survey conducted in March 2007. More than half of the 
workers surveyed, thought their company should do more to be environmentally friendly and 
only 22 percent thought their company already does enough or too much. In the process of 
looking for a new job, 1 out of 3 of those surveyed considered an employer's eco-friendliness to 
be an important distinction [73]. 
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4.2 Companies changing their packaging 
In this era of increased sensitivity about environmental issues, packaging sustainability 
has received great attention and companies lately have been very active in promoting and 
advertising their progress in this field (Figure 4.6). Some typical examples of publicized 
initiatives in this area of concern are presented in this chapter. It is important to highlight that 
these packaging industry examples have not been evaluated in terms environmental improvement 
and their actual performance versus the company claims. Therefore some examples may be very 
effective and environmentally sound solutions, some others may not be so well though and 
others may even be greenwashing.  
 
Figure 4.6: Famous products change packaging leading-according to the companies- to better environmental performance 
4.3 The AVEDA Company 
One of the pioneers in environmentally sound packaging, that has been receiving great 
attention from the packaging community and was in the spotlight of the packaging sustainability 
survey presented in Chapter 5, is AVEDA. Therefore it has rightfully earned an opening position 
in the section of industrial green packaging examples. AVEDA is as well known company for its 
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environmentally responsible approach to business, as it is for its popular natural hair and body 
care products. As a company, AVEDA actively promotes its Green Leadership initiatives, and 
regularly invests in organic ingredient production, supporting programs in the rural communities 
where they are produced. It was founded in 1978 by Horst M. Rechelbacher, an active 
environmentalist, innovative business leader, author and artist. In 1997 Rechelbacher sold 
AVEDA to Estee Lauder (Table 2.3). The company continues to be run as a separate entity and 
still formulates its own products which Estee Lauder funds. Recently AVEDA was one of the 
companies that supported the environmental documentary produced by Leonardo di Caprio ‘The 
11th Hour.’ 
AVEDA commits to continuous improvement along ten principles of action that stem 
from their original endorsement of the Valdez Principles (later to become the CERES Principles) 
in 1989:  
 Protection of the biosphere  
 Sustainable use of natural resources  
 Reduction of waste  
 Energy conservation  
 Risk reduction  
 Safe products and services  
 Environmental restoration  
 Informing the public  
 Management commitment  
 Assessment and reporting  
AVEDA regularly implements new packaging ideas to reduce environmental impact and 
the company’s principal goal is to minimize the ecological footprint of each package. One way it 
has reduced impact on the environment is through the use of post-consumer recycled materials. 
A big part of that goal is achieved by using 80 to 100 percent post-consumer recycled high 
density polyethylene content in its bottles and jars, which reduces its use of virgin high density 
polyethylene. The company’s president, Dominique Conseil, encourages his marketing and 
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product development departments to seek out new materials and find ways to use them. He 
advises package designers to think about the environment first, cost second, and the look, third.  
4.3.1 AVEDA’s Light the way candle 
Recently AVEDA won two awards for a simple yet ingenious recycled packaging 
decision. The company produced a limited edition organic lavender soy wax candle, called 
‘Light the Way,’ which was sold during Earth Month to raise funds and awareness for clean 
water projects globally (Figure 4.7). The candle is placed in a 95 percent post-consumer recycled 
glass container and the outer carton is printed with soy ink on waste paper that came from 
AVEDA's own printing facilities. 
 
Figure 4.7: Award winning organic lavender soy wax candle from AVEDA, called ‘Light the Way’ 
4.3.2 AVEDA’s Uruku lipstick 
In 2003, AVEDA introduced its Uruku lipstick, which remains a testament to its passion 
for environmentally friendly packaging and a model for post-consumer recycled packaging. The 
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design team members used AVEDA's core principles to develop the Uruku lipstick package 
(Figure 4.8). The accessory case is a blend of 30% flax shives -a crop residue- and 70% 
polypropylene, containing 90% PCR content. The lipstick cartridge itself is made of up to 65% 
PCR aluminum, and is designed for disassembly, allowing for separation from the small internal 
dispensing mechanism and recycling of the aluminum. These small internal components are 
made of recycled polystyrene with 88% PCR content. The secondary package of the Uruku 
lipstick is a clamshell made from molded pulp, produced from 100% percent recycled newsprint 
-same technology as the egg crate industry uses. The sleeve which holds the container closed is 
made from 100% recycled paperboard and it is soy-ink printed. The system itself is a modular 
system with the idea that the refillable cartridge delivered the consumable product, and therefore 
it is sold separately from the more durable accessory case. This is completely different from how 
lipstick is usually sold, with material heavy outer case intended to be disposed of along with the 
inner mechanism. By better understanding the lipstick delivery experience, separating the outer 
case from the consumable function alone saved enormous resources, energy and money, but also 
created an innovative and fashion forward package system at the same time. 
 
Figure 4.8: Pioneer packaging for Uruku lipstick from AVEDA 
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4.3.3 AVEDA’s Pure-formance men’s line 
The principle of designing environmentally responsible packaging applies throughout the 
product portfolio for AVEDA. The shampoo, the conditioner and the liquid pomade in the new 
Pure-formance men’s line (Figure 4.9) are all packaged in an industry-leading 95% post-
consumer recycled HDPE bottle. The grooming clay and pomade are packaged in a carton made 
from 55% post-consumer recycled paper, printed with soy ink. The grooming cream is packaged 
in a tube made from 35% post-consumer recycled HDPE. The product line is manufactured in 
AVEDA’s primary manufacturing facility in Blaine, Minnesota, which now offsets 100% of its 
electric usage with certified wind energy. 
 
Figure 4.9: AVEDA Men’s line called Pure-formance 
4.4 Bottled water case study 
Packaging overall has attracted great attention in the environmental discussion, but it is 
the food industry and more specifically the bottled water industry that has been in the center of 
this discussion and has received the most heat from media and consumers regarding its 
packaging. The convenience of single serving food and of wrapped/packaged fresh fruit and 
vegetable inevitably has led to the creation of large amounts of packaging waste, which seem to 
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be the second biggest target -just behind the bottled water industry- of consumers and 
environmental organizations. With newspapers and cover magazines highlighting the waste issue 
of packaging Figure 4.10 and with extensive discussion over excessive packaging in the food 
industry, there is no doubt that this momentum challenging the current status of packaged 
products will continue in all categories of consumer goods. 
 
 
Figure 4.10: Campaigns against packaging waste 
Water is the largest beverage market in volume that achieved in 2007 annual worldwide 
sales as high as 200 billion litters. According to Zenith International consultants and marketing 
researchers, it also represents the fastest growing sector that has enjoyed an average 7.9% annual 
growth between 2002 and 2007. Nevertheless bottled water appears to be the new SUV 
representing a very easy target for green tinted media.  
Bottle water consumption nowadays is not based on local needs and lack of water 
resources, but as illustrated in Figure 4.11 follows an irrational and absurd manufacturing and 
exchange pattern of goods. The tap water is perfectly drinkable in most countries where large 
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amounts of bottled water are consumed and unnecessary exchange of goods takes place 
involving major exporters such as France, Germany and Belgium who at the same time are also 
major importers. Bottled water travelling overseas is considered by many people as an irrational 
option, but their concerns are not restricted only to the travelling distance. Commercializing 
bottled water at regions were tapped water is safe and potable is considered by some consumers 
as a useless manufacturing operation, an unnecessary source of waste and a superfluous 
misspend of useful materials.  
 
Figure 4.11: Major bottled water exporters and importers [74] 
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On the other hand drinking tap water, which in some cases may be of better quality than 
the bottled one, is arising as the green rational alternative. In one of the demonstrations 
organized by activists against bottled water industry, called ‘Message in a bottle,’ consumers 
were invited to literally "send a message" to the water industry, by mailing them an empty water 
bottle with a note inside.  
4.4.1 Tappening 
As low hanging fruit in the environmental improvement space, reducing bottled water 
consumption and drinking tap water found its marketing promotion through the Tappening 
movement. In an effort to avoid the massive waste of fossil fuels and resulting pollution of the 
earth caused by the bottled water industry the co-founders of the movement introduced the idea 
of drinking tap water by introducing in the market the Tappening bottles. The reusable bottles 
come in blue and green colors and are marked with one of two messages: ‘What’s Tappening’ 
and ‘Think global. Drink local’ (Figure 4.12). Their goal was to urge people to consume 
environmental-friendly tap water rather than consume bottled water which created emissions due 
to transportation and waste due to packaging. Their reusable bottles are really no different from 
other reusable bottles that already existed in the market, but it is the option that was given to 
people to broadcast their message that was appealing.  
 
Figure 4.12: Marketing the idea of drinking tap water 
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4.4.2 Bottle weight reduction from the water industry 
In the framework of this hostile environment for water industry, many companies in 
recent years have made efforts to reduce the weight of the PET for their water bottles (Figure 
4.13). Coca-Cola has reduced its Dasani bottle weight 30%, to 16 grams. PepsiCo has reduced its 
Aquafina bottles nearly 40%, to 15 grams, and lately Nestlé Waters introduced the Eco-
Shape12.5 gram bottle, down from 14.5 grams.  
 
Figure 4.13: Weight and recycling rates of PET water bottles in the US 
4.4.3 Eco-Shape bottle from Nestle Waters and Polar Springs 
Nestle Waters is phasing in a new plastic bottle dubbed Eco-shape (Figure 4.14 and 
Figure 4.15). The bottle took two years to develop and Nestlé says its lightweighted bottle had to 
be re-engineered so it could stand up, avoid leaks and sustain suction. The half litter Eco-shape 
uses 30% less plastic than bottles currently available on the market. The new bottle weighs 12.5g 
and the company estimates they will save 65 million pounds of plastic resin each year by using 
the new Eco-shape. The new bottle also uses less paper because the label size has been reduced 
almost 30% versus the previous wrap-around label. Furthermore, the company has removed 
color from the cap making it easier to be recycled. 
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Figure 4.14: New Eco-Shape bottle ad for Nestlé’s Pure Life bottled water 
 
Figure 4.15: New Eco-Shape for Nestlé’s Poland Spring bottle water 
4.4.4 Sidel’s NoBottle 
Sidel has expanded the possibilities for lightweighting, by developing an elegant, high-
performance package that is the lightest PET bottle for water yet. Compared to the average 13g 
to 16g water bottles of the same capacity, the 9.9g NoBottle from Sidel (Figure 4.16) has a 
500ml capacity and weighs 25 to 40% less. This novel concept, dubbed NoBottle, is possible due 
to another Sidel innovation known as Flex. This technology is based on material flexibility and 
shape memory that allows packages to spring back to their original shape. Typically, when bottle 
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weight is reduced, ribs are added to brace bottle walls. These bottles are brittle and noisy when 
compressed, which reduces shelf appeal and premium image. Furthermore, the reinforcement 
ribs trap material and limit the possibilities for lightweighting. Flex technology combines 
plastic’s flexibility with shape memory eliminating the need for ribs, so designers are free to 
create all sorts of shapes, even for extremely lightweight bottles. These bottles are supple, easy to 
grip and substantially less brittle than conventional bottles. Due to shape memory, bottles are 
able to better withstand conveying, packing, transportation and handling. NoBottle was honored 
at the 2007 Global Bottled Water Congress held in September 13 in Mexico City, with the award 
of the year’s best packaging innovation in the world. 
 
Figure 4.16: Sidel’s ultra light NoBottle for water applications 
4.4.5 AquaFlexCan water pouch from AMCOR 
A transparent stand-up pouch in a bottlelike shape is the alternative suggestion from 
AMCOR to the bottled water industry. AquaFlexCan (Figure 4.17) is a unique stand-up flexible 
container for packing non-carbonated water and other still beverages. AquaFlexCan includes a 
laser perforation to facilitate easy opening. To use AMCOR AquaFlexCan consumers simply 
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tear and sip. This tear-n-sip concept requires no straw or scissors. The special seal geometry of 
the mouthpiece allows consumers to easily control the liquid flow and limits spills if the pack is 
knocked over. The entire pack surface is available for printing, including the top and bottom. 
 
Figure 4.17: Bottle shaped pouch as an alternative to PET bottles for water from AMCOR 
4.4.6 Compostable water bottles from BIOTA, Belu and Primo 
Taking advantage of the increasing opposition to bottled water and in the effort to 
minimize the noise for the World’s plastic bottle problem, BIOTA became the first beverage 
company in the World to exclusively use corn based PLA to produce a bottle for its products. 
BIOTA along with its sister company Planet Friendly Products developed the World’s first 
biodegradable bottle in 2003 (Figure 4.18). 
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Figure 4.18: Biota spring water bottled in compostable PLA bottle 
BIOTA's bottles are approved and certified as commercially compostable by the 
Biodegradable Products Institute (BPI). They do not decompose on the shelf or when product is 
opened. In order for a BIOTA bottle to degrade it must be opened, emptied and placed under the 
right conditions. BIOTA’s bottle will degrade within 75 to 80 days when placed in the right, 
industrial compost environment (Figure 4.19), but it will not degrade as rapidly in a home 
compost pile. High heat, humidity and micro-organisms are key factors in order for the 
degradation process to take place. The bottle breaks down into water, carbon dioxide and organic 
material. The standard petro-based plastic like PET could take 1000 years to decompose. 
Furthermore, unlike other PET water bottles, PLA bottles won’t leach aldehyde chemicals into 
the water they contain. Because they are made from corn, PLA bottles burn clean and do not 
release harmful chemicals into the atmosphere. In addition to the bottle, also the product label is 
compostable. At this time, the cap is not but research is done in order to identify alternative 
options for its cap. Concerns exist for the interference of PLA to the PET recycling stream, but 
BIOTA claims that the PLA plastic bottle does not affect the recycling process. Studies have 
shown that there is no effect on the quality of recycled product when PLA makes up to 1% of the 
plastic mix. BIOTA is dedicated to working with municipalities to explore options for 
separating, recycling and composting PLA bottles. BIOTA is working with Recycle 
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America/Waste Management to create and promote recycling infrastructures that will accept 
PLA products. A technology that will allow the separation of PLA from PET will create strong 
markets for recycled PLA products. BIOTA supports increasing community composting efforts 
throughout the USA as an additional method of creating a resource from a waste. Apparently the 
BIOTA Company filed for bankruptcy in early 2007, it was shut down and has not worked since 
then. 
 
 
Figure 4.19: BIOTA bottle degrades within 80days under special conditions 
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Belu is a not-for-profit company producing mineral water which launched Britain's first 
corn based biodegradable bottle made from polylactic acid (PLA) sourced from NatureWorks 
(Figure 4.20). The company distributes its product only in the UK, uses low carbon trucking 
companies and their profits go into helping people around the globe to have access to drinkable 
water. A new mark devised by Belu -the first product to carry this logo- will assist shoppers to 
take into account climate when deciding what to buy (Table I.8). Manufacturers who go carbon 
neutral can apply for their labels to feature the ‘Penguin Approved’ logo, which carries the 
assurance: "No Global Warming." Creators of the scheme hope it will emulate the success of the 
Fairtrade mark for labor standards which now endorses 1,500 products with sales of 195 
millions.  
 
Figure 4.20: Belu water using PLA bottle 
After the close down of BIOTA, Primo Water is the only bottled water company in the 
USA to use bio-based material for its singe serve 16.9 fl.oz bottles packed in 18-count multi 
packs (Figure 4.21). The Colorado-based company uses Ingeo -formerly known as NatureWorks- 
PLA material produced by NatureWorks LLC Company. Ingeo is a corn-based bio-plastic 
material and differentiates Primo from the rest bottles in the market. 
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Figure 4.21: Primo Waters PLA water bottle 
4.4.7 360o paper bottle 
The 360o paper bottle is an alternative proposal introduced by Brand-Image Company 
versus the common plastic or glass bottle for water packaging (Figure 4.22). It is constructed 
entirely out of recycled paper and it can be used not only for water bottling, but for various liquid 
products. Besides the use of 100% renewable materials, the paper bottle is food-safe, fully 
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recyclable and it decreases energy consumed throughout the product life cycle without 
sacrificing functionality. Bottle opens with a tear cap suitable for resealing the product. Single 
units can be grouped together with minimum or even no secondary packaging at all. The 360o 
bottle has won the prestigious International Design Excellence Award (IDEA) for the innovative 
design.  
 
Figure 4.22: 360 Degree Paper Bottle from recycled paper 
4.4.8 Boxed Water 
Boxed Water Company is a new bottled water brand that decided that their product 
shouldn't be bottled at all, but instead boxed (Figure 4.23). This type of packaging, according to 
the company, is kinder to the environment versus the plastic and glass bottles. About 85% of the 
Boxed Water container is made from a renewable resource -trees- that are harvested in a 
responsible and ethical way. The boxes are shipped flat to the filler in order to be filled, which is 
significantly more efficient compared to the shipping empty plastic or glass bottles, requiring 
approximately 5% of a truckload versus empty plastic or glass bottles. The cube efficiency of the 
finished product is much higher versus the cylindrical bottles making also the distribution of the 
final product more efficient. The cartons can be broken down to their original flat state, and in 
some areas be recycled. 10% of the company profits are donated to world water relief 
foundations and another 10% to reforestation foundations. 
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Figure 4.23: Boxed water is better for the earth… is it? 
4.4.9 Plant It Water in Tetrapak 
A similar application comes from ‘Plant It Water,’ who is introducing what the company 
claims to be the greenest concept in spring water. It is one of the first companies in the U.S. to 
offer natural spring water in a recyclable carton, made by Tetra Pak (Figure 4.24). The ‘Plant It 
Water’ packaging is an alternative format that uses largely renewable materials from sources 
such as plant fiber, contrary to plastic water bottles, which are made from petroleum-based 
plastics and 0% renewable materials. In parallel ‘Plant It Water’ leads the way in environmental 
efforts in the packaged water category by committing to plant one tree for every carton of water 
sold, but also through exclusive partnership with Trees for the Future 501, in various efforts to 
help communities around the world with reforestation projects and educating the public on water 
quality and sustainability issues. 
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Figure 4.24: ‘Plant It Water’ in carton box 
4.4.10 Returnable glass bottle systems for water 
Refillable bottle systems are common practice in Scandinavia and also in some Northern 
European countries. Consumers in these countries are well educated and in principle return and 
refill bottles. The process is supported by well established incentives and consumer motivation 
through deposit systems like the example presented in Figure 4.25 and other legislative and 
regulative support.  
 
Figure 4.25: Example of container deposit scheme 
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Like many other water companies in Sweden, LOKA is using returnable glass containers 
to bottle still water (Figure 4.26). Proper bottle gathering systems are in place to support the 
return process and consumers participate by returning the empty bottles after the use. The 
refillable glass bottles are durable in order to withstand the multiple use, which usually achieved 
by increased weight that affects other parts of the supply chain like the distribution efficiency. 
 
Figure 4.26: LOKA mineral water packaged in refillable glass bottle  
A cross-company standardized pool system for refillable mineral water bottles exists in 
Switzerland. The reusable glass bottles can be refilled by any filler, with brands being 
differentiated by labels alone (Figure 4.27). Through this pool system less transport is required 
since the closest producer will take them back and refill them, rather than the originator. The 
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household waste reduction is 100% compared to a single trip bottle that is not diverted from 
household waste for recycling. 
 
Figure 4.27: Filler can refill any glass mineral water bottles in the Swiss standardized pool system 
4.5 Educating and informing consumers 
4.5.1 IKEA flat furniture packaging 
The company, which pioneered flat-pack design furniture (Figure 4.28) at affordable 
prices, is now the world's largest furniture manufacturer. Much of IKEA's furniture is designed 
to be assembled by the consumer rather than being sold pre-assembled. This permits them to 
reduce costs, increase transportation efficiency and use significantly less packaging. The volume 
of a bookcase, for example, is considerably less if it is shipped unassembled rather than 
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assembled by not shipping air. Flat compact packaging is also a practical point for many of the 
chain's European customers, where public transport is commonly used allowing consumers to 
use public transport instead of private car from the store to their home for assembly. Furniture is 
packaged by using only recyclable non-mixed (pure) materials in order to assist the recycling 
process of the materials. 
 
Figure 4.28: This could be your living room 
4.5.2 Timberland’s sustainability labels 
Timberland consumers can see “nutritional labels” on its footwear packages (Figure 
4.29). Instead of calories, carbonates and saturated fats, the label will have three sections: 
environmental impact, community impact and manufactured information. This label is the first of 
its kind in the retail industry and part of Timberland’s commitment to innovation and 
transparency. In order to support low environmental impact Timberland’s footwear boxes are 
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made of 100 percent recycled post-consumer waste fiber. The company does not use chemical 
glues and the labels are printed with soy-based inks. Messaging inside the footwear box links the 
nature of the product with environmental action by asking consumers "what kind of footprint 
will you leave?" (Figure 4.29), urging them to a change of mindset and behavior after the 
purchase act. 
 
Figure 4.29: Sustainability labels in the form of nutritional labels on Timberland’s packaging 
4.5.3 Stonyfield Farm yogurt lids 
A great example of promoting and advertising sustainability comes from organic diary 
company Stonyfield Farm. The company is running a campaign since 1998 with various 
messages on the 6oz cup yogurt lids (Figure 4.30). The on-pack messages aim to educate 
consumers on various environmental, health and social issues, encouraging them to take action. 
Simultaneously they inform them about the company’s position and actions towards 
sustainability issues by directing them to their homepage in order to get additional information 
(http://www.stonyfield.com/Lids/index.cfm). 
 126 
 
Figure 4.30: Stonyfield Farm communicating sustainability issues on yogurt lids 
4.5.4 Coca-Cola t-shirts from Coca-Cola bottles 
Coca-Cola provides the opportunity to shoppers to make a sustainable fashion statement 
through the "Drink 2 Wear" apparel (Figure 4.31). The colorful t-shirts are made from a blend of 
recycled plastic bottles and cotton and feature playful, pithy slogans such as "Make your Plastic 
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Fantastic" and "Rehash your Trash." Therefore consumers are not only buying products that 
divert plastic bottles from landfill, but also helps them express and promote recycling of used 
beverage bottles into renewable, reusable products. 
 
Figure 4.31: Coca-cola t-shirts made from recycled bottles 
4.5.5 Lush naked campaign 
Lush specializes in selling fresh, mostly-natural soaps, lotions and shampoos in bulk form 
like food in a deli. You can buy unwrapped individual shampoo bars that look like colorful 
hockey pucks. You can buy chunks of soap that get wrapped in paper like brie from a high-end 
cheese shop. The minimal packaging policy followed by the company has been highlighted in 
the bare-naked promotion campaign. In this campaign Lush employees wore only black aprons 
probing consumers to "Ask me why I ‘m naked" and a smile (Figure 4.32). The idea was to point 
out the environmental costs of our very packaged society and to promote protecting the 
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environment by stripping products of excess packaging. In conjunction with the “naked” 
campaign, all Lush stores have switched their plastic bottles to 100 percent post-consumer waste 
containers and made certain that all of Lush’s paper bags, cardboard boxes and reusable tins 
were made from recycled material. 
 
Figure 4.32: Salesmen go naked in order to promote naked (without packaging) Lush products 
4.5.6 Heart of the city anti-littering campaign 
The award-winning campaign by Colenso BBDO set out to discourage people from 
littering the streets of Auckland in New Zealand by showing people how much rubbish is 
dropped around a single bus shelter in one week. Every day the rubbished found around the bus 
shelters was picked up and placed inside the bus shelter in order to show pedestrians just how 
much rubbish is dropped or dumped by people (Figure 4.33). 
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Figure 4.33: Rubbish in display dropped around the bus stop since Monday in a campaign against littering 
4.6 Remove packaging 
4.6.1 Cartonless toothpaste tubes 
Toothpaste used to be filled in metal tubes which were then packed in board cartons to 
prevent the sharp ends denting or puncturing other tubes during transit. The cartons were 
grouped together in large cardboard boxes for further protection. Since then technical 
innovations have led to tubes made from layers of plastic, metal foil and paper. The foil was still 
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needed to retain the volatile oils used in flavoring and to allow the tube to be rolled up as it was 
used. Further developments led to tubes made from a ‘sandwich’ of different plastics. The 
different ‘barrier properties’ of the materials used are combined in order to retain the flavoring. 
The new plastic tubes no longer require to be packed in board cartons. In many cases the top of 
the tube has been made larger to allow it to stand on its head and the tubes are displayed on 
shelves in a notched plastic tray (Figure 4.34). Cartonless toothpaste tubes dominate the market 
in some markets like Scandinavia and some other European countries.  
 
Figure 4.34: Stand-up toothpaste 
4.6.2 HDPE granules in bulk 
Athens Colgate-Palmolive plant is a vertical integrated plant for liquid detergents 
producing in house all the bottles, therefore has a significant HDPE consumptions. The polymer 
granules used to be delivered in full pallets of 25kg sacks as seen in Figure 4.35. This did not 
only lead to significant waste of packaging materials and reduced truck utilization due to the 
transportation of wooden pallets, but also required labor in order to handle and feed the great 
amount of sacks. By moving to bulk handling of HDPE granules, not only did it simplify the 
process, but also the packaging waste was reduced. A 20tn HDPE bulk delivery is contained in a 
15kg reusable HDPE big bag (Figure 4.36). On the other hand one full pallet of polymer contains 
1375kg of granules in 5,5kg LDPE single-use sacks (55sacks), a single-use shrink hood cover of 
1,82kg LDPE and stacked on a 24kg wooden pallet. Therefore for each delivery of a 20tn bulk 
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HDPE container, 106.5kg of LDPE waste is avoided and 349kg of wood is not transported with 
the equivalent packaged in sacks and on pallets HDPE granules. 
 
Figure 4.35: Packaged HDPE resin in 20kg sacks, film wrapped on a pallet 
 
 
Figure 4.36: In bulk delivery of HDPE resin contained in big bag in 20tn tumbrel container 
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4.6.3 Wine shipment in bulk containers 
Shipping wine in bulk has many environmental and economic benefits for regions that 
import significant volumes of wine from distant destinations. Bulk wine can be transported in 
24,000 liter PE flexi-tank containers (Figure 4.37), which corresponds to 32,000 units of 750ml 
bottled wine, equivalent with an average bottle weight of 500g to 16tn of glass per load. 
Containers upon receipt are bottled at the region where product is marked. This means that both 
bottling and recycling will done within the same region, therefore green glass consumption and 
availability will be well balanced and closing the loop for the packing materials will be more 
effective. 
 
Figure 4.37: Flexi-tank containers used for bulk wine transportation 
4.6.4 Light2Go 
The majority of the primary packaging has been removed for the ‘Light2Go’ product, 
designed by the Knoend Team, since the packaging is part of the actual product (Figure 4.38). 
This intelligently arranged lighting set has all its contents stored in a neat little package, which 
actually turns into the sheds of the lighting structure itself. The utilization of all parts of the 
product provides an excellent approach to solving the problem of wasteful packaging.  
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Figure 4.38: For Lite2go by Knoend the packaging is the product 
4.7 Optimizing shape 
4.7.1 Sainsbury cola 
Changing the shape of a container can reduce environmental impact by making better use 
of space during distribution. For example, Sainsbury’s has re-designed its 2 liter plastic drinks 
bottle to make it taller and thinner (Figure 4.39). It still uses the same amount of material but 
25% more bottles fit on a pallet, which in turn means fewer trucks are needed to deliver the 
product. 
 
Figure 4.39: Change of shape leading to weight reduction 
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4.7.2 EcoLab 
Ecolab's Proforce all-in-one container for Multipurpose and Bath & Bowl cleaning 
products was designed with Wal-Mart's sustainability scorecard initiative in mind. The product 
as shown in Figure 4.40 consists of a large 1.25gallon (4,73lt) high density polyethylene 
container and a 16-oz (474ml) spray bottle nicely clicked in the contours of the bulk container. A 
cave-shaped pocket on the side of the container serves as a perfect fitment for the spray bottle, 
but also accommodates a spigot used for refilling the smaller bottle. The 1.25gallon container is 
equivalent to 10 spray bottles. There are also two screw caps on the top, a larger one where the 
spigot goes to dispense the cleaner, and a small cap that reveals a vent hole. The container uses 
space efficiently with its square footprint and stacks very well in layers on pallets without the 
need of corrugated shipper or locking nubs. It was designed with load-locking nubs at the top 
that fit into corresponding indents in the bottom of another container secure stacking during 
shipment that totally eliminates the need for excess packaging in transit. This feature of the 
container design also provides for superior stabilization of the load during shipment, but also 
excellent stacking and product alignment during retail display.  
 
Figure 4.40: EcoLab award winning packaging 
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4.7.3 TreeTop apple juice  
TreeTop moved their Juice product from a cylinder to a 64oz rectangular hot-fill juice 
bottle sourced from Graham Packaging, which has a much better cube efficiency and increased 
by over 25% the shelf utilization. As a result secondary packaging, shipping and storage costs 
were reduced. In addition the 35% top load improvement resulted in significant gram weight 
reduction (Figure 4.41). 
 
Figure 4.41: TreeTop switched cylindrical to rectangular hot fill bottle for their juices 
4.8 Reduce Packaging 
4.8.1 Coca Cola lightweighting of packaging 
The Coca-Cola “contour” bottle is one of the most recognizable packaging figures and 
has a long history of changes since 1899 when it was first introduced to the market. Recently the 
company has redesigned its iconic glass bottles to use 20% less glass. The 11-ounce bottle is 
both shorter and slightly wider and weights 75g less than the previous design (Figure 4.42). In 
addition, in September Coke unveiled a new 20-ounce plastic bottle that uses 5% less plastic. 
 136 
 
Figure 4.42: Coca Cola Contour bottle evolution 
4.8.2 Glass beer bottle lightweighting from Coors and Adnams 
International beer company Coors Brewers Ltd with the support of a Wrap funding has 
lightweighted the 300ml Grolsch beer bottle (Figure 4.43). The company worked with the glass 
manufacturers O-I and Rockware, in order to find new bottle design concepts that maintain 
strong customer appeal, dynamic look and brand identity, but in parallel are practical and 
resource efficient. Designs were evaluated through rigorous consumer perception trials, 
including an eye-tracking study in order to see how different bottle designs drew the consumer’s 
attention. The change of bottle design according to Wrap, led to a 13% weight reduction, saving 
4,500 tons of glass each year. The success of this change triggered a sequential 10% 
lightweighting of the bottle, with a logo embossment and parallel reduction of the label size, 
saving an additional 4,000 tons of glass each year. Following the success of Grolsch bottle, ale 
producer Adnams has adopted a new lightweight bottle for its 500ml Explorer, Broadside and 
The Bitter brands (Figure 4.43). The new bottle is made by O-I glass manufacturer and retains its 
traditional shape and embossing. It weighs 299g therefore it is approximately 40g lighter than the 
previous design which corresponds to approximately 34% weight reduction. The Best in Class 
new bottle design will help the company prevent significant quantities of glass from entering the 
waste. 
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Figure 4.43: Beer single use glass bottle lightweighting 
4.8.3 Uncle Ben’s 
Mars switched to a new lightweight jar for its Uncle Ben's sauce brand produced at its 
factory in the Netherlands, after a successful trial of the container. New moulds were created by 
the glass supplier, which involved the slight increase in the diameter of the label recess area to 
create a smoother design, coupled with a slight reduction in the height of the jar (Figure 4.44). 
The ambient sauce jar weighed 258g and Mars managed to reduce it to 243g, i.e. a 6% weight 
reduction. The launch of the bottles follow a trial testing period and are supported by the Waste 
& Resources Action Program (WRAP) which is a UK government supported program focusing 
on the reduction of waste. 
 
Figure 4.44: Old and New ambient jar for Uncle Ben’s Sauce 
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4.8.4 Heinz steel can easy open ends 
Heinz worked with WRAP to lightweight their can ends. They developed a full-aperture 
lightweight Easy Open End (EOE) for 73mm diameter food cans, which fits the nominal ‘200’ 
and ‘400’g sizes that make up the majority of cans in the market (Figure 4.45). The new can end 
has a gauge of 0.18mm (10% thinner) and weighs only 10.1g, which is some 13% lighter than 
Heinz’s previous 0.2mm gauge end and as much as 25% lighter than some Easy Open Ends 
(EOEs) in the market. The steel supplied by Corus for the new ends is a special double reduced 
material. Heinz applies the new end to its 3-piece food cans, but the end is equally appropriate 
for 2-piece constructions and pet food applications. WRAP is now working with Heinz on the 
second phase of this project, which is to lightweight the can body. The new can end won a gold 
award for technical innovation at the Metal Packaging Manufacturers’ Association Best in Metal 
awards. It was also highly commended at the UK Packaging Awards. 
 
Figure 4.45: Heinz was able to lightweight easy open can ends by 13% by working with WRAP 
4.8.5 Del Monte canned food comes out of the can 
Del Monte packaging proposition for canned fruits and vegetables is to take them out of 
the can. The new packaging system has been jointly developed by Graham Packaging Company 
and Bapco Closures for CanGro Foods, leading processor and marketer of Del Monte brand. The 
clear polypropylene jar has an innovative design and according to the developers not only is it 
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more attractive and more practical, but it also scores better on the environmental performance 
indexes versus the old can format since it weights 20% less (Figure 4.46). The cylindrical jar has 
a wide-mouth opening for easy filling and convenient access to the contents. The neck threading 
has been removed from the jar where it is traditionally found and incorporated into the Bapco 
three-part closure system, which includes an overall foil membrane that's completely welded into 
position. The foil creates a secure vacuum seal, providing a tight, leak-resistant package suitable 
for pasterizable fruit and vegetable. The membrane can be easily removed by the consumer with 
the use of the pull ring and contrary to traditional tin cans it is re-sealable with a screw-on 
overcap.  
 
 
Figure 4.46: Canned fruit in PP jars from Del Monte 
4.8.6 Scotch stretchable tape 
The stretchable tape is an alternative proposal from Scotch for film wrapping of pallets. 
According to the producing company the new revolutionary new product offers a 95% reduction 
in material use in palletizing and load containment. The tape is made from stretchable linear low 
density polyethylene (LLDPE) with a pressure sensitive adhesive (Figure 4.47). 
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Figure 4.47 : Scotch Stretchable tape reduces film needed per pallet 
4.9 Reuse 
4.9.1 TerraCycle plant food 
TerraCycle is an all-natural liquid plant food made from waste that is also packaged in 
waste. Premium source-separated organic waste is mixed together into special formulas, which 
are then sent through a computerized microbial-enhancing bio converter, where the temperature 
naturally rises to over 150°F. After five days the material is then automatically taken through a 
micro-climate controlled vermin-composting unit where millions of red worms process the 
material. After three weeks the worm-processed material is separated into a fine, particle-size 
mixture which is then liquefied over a seven day period. The worm by-products solution used for 
fertilization is then filled in reused soda bottles (Figure 4.48). Used soda bottles collected across 
North America are cleaned, relabeled with a full body shrink sleeve and filled with TerraCycle 
Plant Food. The whole product concept won for Terra Cycle a spot on the Top 100 Most 
Innovative Companies in 2004 from the Red Herring Magazine and a cover on July, 2006 “Inc. 
Magazine” issue as “The Coolest Little Start-up in America.” 
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Figure 4.48: Used soda bottles used for packaging the Terra Cycle plant food 
4.9.2 New Soap, Old Bottle 
The same principle of reusing discarded bottles and preventing further production of 
unnecessary packaging at the same time, has being implemented by the ‘New Soap, Old Bottle’ 
company founded by Scott Amron. The company bottles new bulk soap and home cleaning 
products into cleaned and sanitized used old plastic soda, water and beer bottles that perform as 
well or even better than those consumers are used to. The products are packaged in America and 
finished with a child-safe sprays, pumps or flip-top closures. ‘New Soap, Old Bottle’ is an eco-
initiative that makes it easy for companies to offer their products packaged in old bottles giving 
the consumer a greener option. This process saves two bottles for each bottle sold. One bottle 
that would be sent to landfill and one that would be manufactured to bottle the new product. 
Several products and cleaning supplies are available, including liquid soap, car wash, window 
cleaner (Windex), all purpose cleaner (409 spray), dish soap, windshield wiper fluid (Figure 
4.49).  
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Figure 4.49: ‘New Soap, Old Bottle’ is a series of products in reused beverage bottles 
4.9.3 Dumbbell sports drink 
‘Dumbbell’ sports drink bottle is shaped and can serve before and after the product use, 
as an actual dumb-bell for exercising. Each filled bottle weights 500gr, has an ergonomical 
design and clearly communicates the sport character of the product. After the product is 
consumed it can be filled with water or sand to use as training dumb-bells (Figure 4.50).  
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Figure 4.50: Dumbbell sports drinking 
4.9.4 Mr. Clean dumbbell bottle 
The same bottle application has been proposed by ‘Mr. Clean’ for their home cleaner 
products that can act as a workout dumb-bell (Figure 4.51). The innovative detergent container 
designed by Tommaso Ceschi reinforces the strength image of the product. The whole 
communication of ‘Mr. Clean’ trademark is principally based on strength and physical power 
concepts, well represented by the famous bald muscle man logo. This idea is strengthen with this 
powerful packaging shape that provides more visibility on supermarket shelf. Empty bottle has a 
secondary life since it can be easily filled with water or sand and transformed in a colorful dumb-
bell for fitness exercise. Product is accompanied by fun exercises booklet located inside the cap 
for home training. 
 
Figure 4.51: Dumbbell cleaning products from Mr. Clean 
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4.9.5 Doy bags 
Doy Bags are a range of bags, purses and accessories made from recycled juice, diary and 
sauce doypacks, which are non-biodegradable foil and plastic packaging that would otherwise go 
into landfill and incinerators sites, or simply litter the streets and waterways. The colorful and 
eye-catching prints are mixed and matched to create a huge variety of colorful bags (Figure 
4.52). The objects are made by a women’s cooperative in the Philippines that provides 
employment to over 500 women from disadvantaged background. Working for the cooperative 
makes a real difference to these women since it contributes to elevating families from extreme 
poverty to a decent life. All items are produced and traded according to Fair Trade principles. 
Working together with the local council, the women set up a Recycling Center and started to 
educate local households to sort their recyclable waste and sell it to the cooperative. The 
cooperative has won a number of awards in the Philippines for its concern for the environment 
and its outstanding contribution to both waste recycling and employment generation. The iconic 
product quickly became very popular. 
 
Figure 4.52: Doy Bag made from recycled doypacks 
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4.9.6 TerraCycle 
Besides the plant food product presented in 4.9.1, TerraCycle is responsible for a wide 
range of different affordable eco-friendly products made from non-recyclable waste materials 
(Figure 4.53). The company’s products are available at major retailers like Wal-Mart, Target, 
The Home Depot, OfficeMax, Petco and Whole Foods Market. TerraCycle is one of the fastest 
growing eco-friendly manufacturers in the world and the company’s goal is to eliminate the idea 
of waste by finding innovative, unique uses for materials other than the garbage bin. The 
company runs free national collection programs through exclusive partnerships with major 
Consumer Product Goods (CPG) companies such as Kraft Foods, Frito Lay (Pepsi), Stonyfield 
Farm, Mars Wrigley and many more. The partnerships create free collection programs that pay 
schools and non-profits nationwide to collect used packaging such as drink pouches, energy bar 
wrappers, yogurt cups, cookie wrappers, chip bags and more. The collected materials are 
upcycled into affordable, high quality products ranging from tote bags and purses to shower 
curtains and kites. 
 
Figure 4.53: TerraCycle product range made from waste materials 
4.9.7 Steelpan 
Steelpan is the only acoustic musical instrument invented in the 20th century (Figure 
4.54). Besides being a trademark for Trinidad and Tobago and very much linked to calypso 
music, it is also an example of reused packaging. It is an instrument linked to the industrial 
revolution and the waste it has generated. Steelpans have been traditionally built from used oil 
 146 
barrels. It was in the 1940’s, when it was discovered that the 55 gallon oil drum could be 
hammered, indented and demarcated to produce various musical tones. The drum’s skirt (sides) 
is cut and the top sheet metal is heated and stretched into a bowl-like shape which is commonly 
known as 'sinking.’ This process is usually done with several hammers, manually or with the 
help of air pressure. The note pattern is then marked onto the surface, and the notes of different 
sizes are shaped and molded into the surface. Once tuning is completed, the drum is set over fire 
to re temper the steel and make the instrument strong enough to withstand the rigors of 
performance. After the tempering, the notes have to be softened and tuned. Steelpan is example 
of up-cycling packaging waste to an object of greater value.  
 
Figure 4.54: Steelpan is a music instrument produced from old petrol barrels 
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4.9.8 Heineken WOBO 
Alfred Heineken came up with the idea of turning waste into useful products after a visit 
to the Caribbean, where he saw the lack of affordable building materials and beaches littered 
with bottles. In 1963 Heineken’s vision ‘brick that holds beer’ came to life by a Dutch architect 
John Habraken. The final ‘world bottle’ (WOBO) design came in two sizes -350mm and 500mm 
(Figure 4.55)- which were meant to lay horizontally, interlock and layout in the same manner as 
‘brick and mortar’ construction (Figure 4.56). In 1963 100,000 bottles were produced some of 
which were used to build the two known building with WOBO walls. The ‘world bottle’ project 
was dropped by the company before facing the construction challenges like finding a way to 
construct corners without cutting bottles. Interest was reignited in 1975 when Martin Pawley 
published Garbage Housing [75] which included the chapter ‘WOBO: a new kind of message in 
a bottle.’ Heineken once again approached Habraken who teamed up with designer Rinus van 
den Berg and designed a building with oil drums for columns, tops from Volkswagen buses for 
roof and the WOBO bottles for walls, but the structure was never built. Today, the shed at the 
Heineken estate and a wall made of WOBO at the Heineken Museum in Amsterdam the only 
structures where the ‘beer brick’ was used, remain a lasting example for packaging end-use 
innovation. 
 
Figure 4.55: Heineken World Bottle in two sizes 
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Figure 4.56: Heineken’s World Bottle meant to end-up as a construction material in the 70’s 
4.9.9 United Bottle 
The idea of using bottles as construction materials regenerates through the award-
winning ‘United Bottle.’ It is a PET water bottle and a prefabricated building unit. In case of 
crisis the bottles are distributed by United Nations High Commissioner for Refugees (UNHCR) 
at the respective zones. ‘United Bottle’ allows for solar drinking water disinfection (SODIS). In 
combination with the United Nations (UN) blankets it turns into temporary or even long-term 
shelters (Figure 4.57). Filled with local material such as feathers, wool, ground, it can act as 
insulated construction material (Figure 4.58). 
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Figure 4.57: United bottles used to construct shelters 
 
 
Figure 4.58: United bottle filled with local material is converted to construction units 
4.9.10 TU Vienna pallet house project 
In December 2007 the Cité de l’architecture & du patrimoine presented the results of the 
first European student competition on sustainable architecture intended for students of School of 
Architecture in the European Community in the framework of the European program Gaudi. The 
first prize was granted to the Pallets House project, a project from Claus Schnetzer and Gregor 
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Pils students of the Technische Universität Wien supported by their professors K. Stieldorf and 
P. Janhunen. Their winning entry was a house made entirely of shipping pallets (Figure 4.59). 
Similar to the recycling of metal shipping containers, this is an innovative idea for reusing 
standardized industrial components - made of wood in this case. The 360m3 house is made out of 
800 wooden europallets which at a unit cost of 5€/pal sums up to a total cost of 4.000€. 
 
Figure 4.59: Award winning wooden pallet house project 
4.9.11 Hellmann’s mustard packed in glasses 
Hellmann’s packaged mustard in wine and whiskey glass therefore provided a second life 
to the product container (Figure 4.60). This type of packaging leads to consumer loyalty, since 
they will have to repurchase the same product in order to create a set of glasses. On the other 
hand it should be highlighted that the packaging is much heavier than the usual HDPE mustard 
containers, therefore the transportation emissions are higher for this type of packaging. 
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Figure 4.60: Hellmann’s mustard packaged in wine and whiskey glasses 
4.9.12 POM Tea 
Packaging the product in reusable drinking glass has been adapted also by the beverage 
industry. POM Juice Tea comes in a beautiful, slender glass which creates a significant deviation 
from their original eye-catching, but awkwardly bulbous pomegranate container. The reusable 
drinking glass comes with an easy to pop-off top and is decorated with a silk-printed company 
logo (Figure 4.61).  
 
Figure 4.61: POM pomegranate juice on the left and tea on the right in a reusable minimal glass 
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4.9.13 Twist & Spout 
Innovative products can also help in the reusability of old packaging. ‘Twist & Spout’ 
was presented at the Housewares Fair in Milan where the Swiss designer Nicolas Le Moigne 
won a special Merit Award for its unique design and utility. This home accessory is able to fit 
different sizes and shapes of bottle -glass and plastic- tops and it instantly transforms them from 
waste to watering cans providing them a secondary useful life (Figure 4.62). 
 
Figure 4.62: Twist & Spout accessory promotes reuse of plastic soda and water bottles 
4.9.14 Baja BBQ Firepack 
Baja BBQ Firepack is an innovative approach to outdoor grilling and an interesting 
environmental solution for packaging. The housing of the 2 lbs of natural lump charcoal used for 
cooking fuel is a burnable structure made from 100% recycled biodegradable paper pulp. The 
product together with the packaging will burn when lit from the bottom and virtually transform 
itself into working coals within 15 to 20 minutes (Figure 4.63).  
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Figure 4.63: Product and packaging burn together in the baja bbq firepack 
4.10 Refillable Packaging 
4.10.1 Inositol Végétal from Yves Rocher 
Yves Rocher is a French-based skin care products company that aims with its products to 
achieve greater differentiation on the store shelves and in parallel to reinforce its green 
credentials. The company’s facial care lotion Inositol Vegetal is a representative example of the 
company’s policy, since it is packaged in a jar solution coming from Alcan that can be easily 
refilled with a lightweight eco-refill unit once the initial product runs out (Figure 4.64). The 
external glass-like jar made from styrene acrylonitrile copolymer (SAN) sealable with a 
screwable lid, incorporates a 40ml polypropylene replaceable container tampered with a 
membrane lid. The jars are color-coded depending on the product content, green for day care and 
blue for night care. Furthermore the product does not need a separate product instruction leaflet, 
since all product use information is printed in the internal surface of the outer carton box 
packaging. The Inositol Végétal jar application has earned Yves Rocher company in April 2009 
a spot in the seven organizations that were awarded Quebec’s recognition program for 
sustainable container, packaging and printed paper innovations with the ‘Greener Containers, 
Packaging and Printed Matter: Today's Reality, Today's Opportunities!’ title. 
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Figure 4.64: Yves Rocher refillable facial cream lotions 
4.10.2 Pouches transportation study 
Flexible plastic packaging in the form of stand-up pouches (SUPs) is increasingly used as 
refill options for refillable containers. This packaging format is ultra lightweight, differentiates 
product positioning on-shelf and offer opportunities to incorporate pour-spouts and re-closure 
options. Pouches can be made of single layer materials or consist of multiple laminate layers to 
provide specific processing requirements and barrier properties. This type of packaging has been 
proposed by AMCOR as improved proposition for packing drinkable water (4.4.5).According to 
a Use Less Staff (ULS) study of packaging efficiency, presented in the European Aluminum Foil 
Association (EAFA) Infoil 28 Autumn Issue [76], flexible packaging offers savings in 
transportation energy generated across the supply chain. More specifically the study presents a 
typical example of transporting beverages in stand-up pouches instead of glass bottles. The use 
of pouches can almost double the internal space of a truck occupied by beverage and reduces the 
space occupied by the packaging (Figure 4.65).  
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Figure 4.65: Transportation benefit of shipping pouches 
4.10.3 Calon Wen organic milk in bag 
Calon Wen is proposing to shoppers to buy reusable milk jugs (Figure 4.66) that hold a 
new Eco Pak of the liter bag (Figure 4.67) of Welsh organic milk. The Eco Pak is easy to store, 
very strong and very light milk packaging proposal. It replaces much heavier polymer bottles and 
suppresses the amount of plastic needed. The Eco Pak is designed to fit the reusable jug. Once it 
is placed there all the consumer has to do is cut the edge of the milk bag and pour the milk. 
Besides the ease of use, the jugs are also more appealing than the polymer bottle. The Eco Paks 
are processed using renewable energy and can be recycled after use. Once the reusable jug is 
worn out, after several rounds of use, it can be recycled as well, since it is made from recyclable 
materials. 
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Figure 4.66: Reusable jug and milk in a bag 
 
 
 
Figure 4.67: Milk in a bag from CALON WEN 
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4.10.4 method Pouches 
The company that introduced style to the home products segment, ‘method,’ clearly 
understands the need of aesthetic appeal in order to persuade consumers to reuse their packaging. 
For the liquid hand shop refill pouch, ‘method’ wanted it to be translucent as opposed to opaque 
because it showed off the colored liquid inside in the same way that the existing bottles do 
(Figure 4.68). The minimal design pump packages are more likely to be refilled by consumers, 
since not only they are saving money, but also they are keeping in their bathroom a package that 
appeals to them. According to ‘method,’ the refill pouch uses 83% less plastic than a similar PET 
bottle and in turn needs less energy to produce. 
 
 
Figure 4.68: Pouch refillable hand wash pump liquid products from method 
4.10.5 CleanWell 
The need of aesthetic appeal is very important when it comes down to refillable 
packaging solution, since it creates a consumer attachment to the packaging and increases the 
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chances of the packaging being actually refilled and reused. CleanWell is using highly styled 
packaging along with its innovative product formulations to position its brand as one that is 
unique and appealing to consumers (Figure 4.69). Clean Well’s antibacterial hand soaps are 
packaged in unique frosted colored PET bottles with pump tops. The bottle was frosted to appear 
more like glass than PET plastic and project a more premium feel. Labels were designed with a 
low tack adhesive for easy removal by customers and maintained minimal branding/messaging 
on the base bottle. The goal is to attract consumers in keeping the packaging and reuse the bottle.  
 
Figure 4.69: Clean Well hopes consumers will reuse packaging by making it appealing 
4.10.6 Bulk containers of washing detergent in Whole Foods 
Providing products in bulk in well designed closed loop systems is a way to urge and 
assist consumers reuse and refill their old packaging. This option is provided to shoppers in 
Whole Foods market in Colorado, where they can buy washing detergent in bulk. Customers are 
encouraged to bring in their own containers and refill them or buy a refillable container in store 
and keep reusing it. The refillable container is priced high enough to discourage consumer using 
them as a single-trip disposable option. Bulk containers as seen in Figure 4.70 have self-
dispensing taps, so that consumers can easily fill by themselves their containers with liquid 
detergents. Full tanks are delivered by the supplier to the retailer store and empty ones are 
collected and refilled in the factory. Therefore both ends of the supply chain of this product 
proposal consist of refill systems.  
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Figure 4.70: Bulk washing detergent in Whole Foods markets at Colorado 
4.10.7 Swords wine reusable bottles 
Swords launched an innovative refillable and re-sealable wine bottle system (Figure 
4.71). Empty 1 litter wine bottles are returned by the customer to the supermarket, with the 
incentive of a $3 deposit. Bottles are collected from stores, washed and refilled in the Swords 
depot from large stainless steel tanks. The refill bottles are designed to provide an upmarket 
image rather than a cheap option. The Swords wine range targets high customer loyalty in the 
mid-value wine market and slightly above. Swords' wine buyers tour local wineries and choose 
products carefully to ensure their reputation for quality is maintained. Wine tasting events are 
often held to demonstrate the quality of the wine. 
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Figure 4.71: SWORDS wine is sold in returnable and refillable glass bottles 
4.10.8 Morinaga Milk refillable bottles 
The challenge of increased durability for refillable milk glass bottles has been tackled by 
Morinaga a Japan milk company (Figure 4.72). A resin coating on the outside surface of the milk 
bottles acts as a protection shield of the glass from hits and cracks and therefore reduces 
incidences of breakage. The coating increases durability of the glass bottle and provides 
opportunities to use less glass per bottle. The Morinaga bottles due to the resin coating are 46% 
lighter in weight (from 244g to 130g), which makes them less costly to transport and can be 
reused about 60 times -almost twice of standard bottles. 
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Figure 4.72: Morinaga milk glass bottle has an external resin coating which makes it lighter and more durable 
4.11 Post consumer materials (Recycled content) 
4.11.1 Innocent’s 100% recycled plastic bottle 
Innocent became the first beverage company to use 100% recycled PET packaging for its 
bottles when it converted its juice blends to rPET bottles in September 2007 (Figure 4.73). 
According to the company, its new bottles are fully recyclable at end of life and use 20% less 
plastic overall than the previous packaging. On top of the virgin materials avoidance, the change 
to the new packaging will induce a 55% reduction in the carbon footprint of the innocent product 
packaging. 
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Figure 4.73: Innocent bottles made out of 100% recycled material 
4.11.2 Marks & Spencer smoothies 
The Marks & Spencer (M&S) smoothies are bottled in PET bottles sourced from RPC 
Llantrisant and contain 30% of recycled material (Figure 4.74). The recycled content does not 
create any visible or performance differentiation compared to 100% virgin bottles. This 
packaging solution contributes to the overall company green campaign called ‘Plan A, because 
there is no Plan B.’ Plan A was launched in January 2007, setting out 100 commitments to 
combat climate change, reduce waste, use sustainable raw materials, trade ethically, and help 
their customers to lead healthier lifestyles.  
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Figure 4.74: PET smoothie bottle containing 30% post consumer material 
4.11.3 360 Vodka 
360 Vodka is a product build on the concept of things coming in a full circle or 360 
degrees (Figure 4.75). Every aspect of the product has been designed as renewable as possible, 
with the goal to continue indefinitely in order to support the 360 degree concept of the brand. 
The glass bottle is produced by using 85% recycled glass and carries a re-sealable top closure. 
The label, which completely wraps around the bottle emphasizing the 360 degree design 
philosophy, is made exclusively with ‘New Leaf paper.’ The box in which the vodka is shipped 
in is made from recycled paperboard and its design targets the reduction of waste by providing 
consumers an alternative use once they take the box back home with them. With the objective 
that consumers will use the box over and over again as moving or storage box, the traditional 
single use paperboard box that most wines and spirits are shipped in was dropped and replaced 
by a redesigned box with a separate top for easy opening and handles on each end for easy 
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carrying. 360 Vodka also includes a return mailer with each bottle, so consumers can return the 
bottle top closure for reuse by the company leaving the consumer with a pure glass bottle for 
recycling. 
  
Figure 4.75: 360 Vodka made out of 85% post consumer glass, with a returnable bottle sealing 
4.11.4 Preserve toothbrushes 
Preserve toothbrush (Figure 4.76) is also known as “the toothbrush made from yogurt 
cups” and represents a great example where packaging materials find a secondary life through 
recycling in a higher value product. The handles of the product are made from 100% post-
consumer and pre-consumer recycled plastics. Recycline, the production company, has teamed 
up with Stonyfield Farms, who provides them obsolete yogurt caps that cannot be used for 
packing product from their manufacturing facility in nearby New Hampshire, as well as the used 
cups that people who have enjoyed Stonyfield Farm yogurt return to them. The toothbrush is 
merchandised with postage-paid envelopes shown in Figure 4.76, so that consumers can send it 
back to the producer for recycling at the end of its life. Preserve products like toothbrushes, razor 
handles and tongue cleaners find a second life after use as plastic lumber that then gets converted 
into picnic tables, park benches and boardwalks. Even the display trays where the toothbrushes 
stand in on the shelf are made out of recycled Preserve products. Informative and educational 
point of sale communication urges consumers to ship back their used Preserve product in order 
to find a second life in a similar application. 
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Figure 4.76: Preserve toothpaste with postage-paid envelopes for returning used brushes 
4.12 Condensed products 
4.12.1 All small & mighty 
Unilever introduced in February 2006 the 'all small & mighty' liquid detergent, which is 
three-times as concentrated and contains enough detergent for the same 32 loads in the 32oz 
bottle as the previous 100oz bottle (Figure 4.77). The bottle uses 55 percent less plastic while 
delivering the same number of loads. The bottle was designed with input from Wal-Mart with the 
goal of making the detergent more shelf-friendly and more sustainable. The detergent uses 64% 
less water in its formulation than their traditional ‘all’ detergent and the bottle is lighter making it 
easier and more efficient to ship and also easier to use and handle from consumers. Through a 
partnership between Unilever and Wal-Mart, Wal-Mart agreed to aggressively push ‘all small & 
mighty’ in its stores. The idea was to promote the product and eliminate any concerns from 
consumers. The partners plan worked and ‘all small & mighty’ became popular and grew. 
Unilever attempted in the past to market a 2×-concentrated detergent that was not embraced by 
consumers. This time, however, the bottle has been flying off the shelves, thanks to marketing 
efforts, technological support by the new front loading machines and a changing social culture in 
which consumers want to make better environmental choices. Unilever calculated that in a 
course of a year it saved 500 million gallons of water, 150 million pounds of plastic resin and 
750 million square feet of cardboard. Additionally the company can ship 200 percent more 
product in every truck, which saves 26 million gallons of diesel fuel a year. Unilever has seen an 
 166 
added benefit of being able to stock three times the number of bottles in the same space, which 
saves on labor and out of stock costs. 
 
 
Figure 4.77: All Small & Mighty 3xconcentrated liquid detergent versus the diluted format 
4.12.2 Wonder Tablitz 
Wonder Tablitz removed the water content from cleaning and deodorizing products by 
making them in tablets. The patented bottle has a recessed, 3.5" × 1.25" × 0.25" cavity in the 
front panel that houses three tablets in a PVC blister (Figure 4.78). The refills are held in the 
cavity by a re-sealable label that allows them to be stored until use. A second unique feature of 
the proprietary HDPE bottle is a 28mm opening on the side of the bottle, fitted with a screw cap 
that allows consumers to easily fill the bottle from a faucet after adding the effervescent tablet. A 
standard trigger-spray dispenser tops the bottle. The bottle is shipped without water content 
making it ultra light for transportation thus reducing carbon dioxide emissions. Due to the two 
spare tablets, bottle gets refilled by consumers at least two additional times before packaging is 
disposed, therefore at least 66% less plastic waste is sent to the landfills compared to a same 
weight single use spray product. Each bottle represents three 32-oz bottles, but since tablets are 
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also sold separately, the life time of the innovative packaging can be expanded even beyond the 
three first fillings. 
 
Figure 4.78: Complete cleaning system of Wonder Tablitz 
4.12.3 Laundry dropps 
The makers of ‘dropps’ (Figure 4.79) are marketing their product as one that saves 
significant amounts of water as well as plastic. ‘dropps’ is unique because it comes in dissolvable 
‘toss-and-go’ packs instead of liquid or powder format like many traditional detergents. The 
packets are made from a polyvinyl alcohol cast film which stays dry in the air and dissolves once 
it hits water, releasing the contained highly concentrated liquid. Spillage and waste of product 
are avoided and correct dosage is achieved. Product is packaged in stand-up pouches which 
weigh significantly less compared to the traditional liquid laundry jags. Both the volume and the 
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weight of the product are much smaller since it is condensed, thus reducing transportation impact 
of the product. 
 
Figure 4.79: Dissolving laundry liquid packs from dropps, packaged in stand up pouches 
4.12.4 WC Duck Active-gel 
A well designed toilet Duck refill system from Henkel has received the Nordic Eco-label 
products license (Figure 4.80). Not only does the refill support the brand image by maintaining 
the unique shape of the parent pack, but it is also designed to dock in the original pack's neck to 
ensure no spillage and consumer convenience. The refill pack is a highly efficiently concentrated 
resulting to significant environmental benefits. Due to the small size of the refill format the 
transportation and distribution in the supply chain is much more efficient versus the diluted 
version. The material consumption and the waste generation for the refill format are much 
smaller.  
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Figure 4.80: WC Duck active gel and the ultra condensed refill bottle in the same product shape 
4.13 Multi-pack products 
4.13.1 Skona System 5 toothbrushes 
Combining product in multi-packs, like in the case of refillable products, is an effective 
way to reduce the amount of packaging materials per selling unit. Minimum packaging is 
required for the ‘Skona System 5’ multi-pack of 4 toothbrushes offered in the Swedish market 
(Figure 4.81). The four toothbrushes share the same carton tag and LDPE bag. Due to the handle 
color coding the multi-pack is a good product proposition for a family toothbrush pack. 
Furthermore, the Skona toothbrush has been designed to permit heads to be detached from the 
brush handle and replaced with new brush heads. This reduces further the waste generation once 
the toothbrush head has been worn, since the handle is kept for future use and only the head is 
disposed. A very compact and lightweight packing of 4 Skona System 5 toothbrush head offered 
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in the market (Figure 4.81) supports the reusable toothbrush handle system. Overall the ‘Skona 
System 5’is a complete product system for toothbrushes that significantly reduces waste 
compared to the traditional single unit toothbrushes due to the offered multi-pack product 
propositions for both toothbrushes and replaceable heads, but also due to the innovative and 
smart product design that allows handles to be reused.  
 
Figure 4.81: Multi-packs of head replaceable toothpastes 
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4.13.2 Eco-Dent toothbrushes 
The same principal of multi-packs and replaceable toothbrush head applies for the 
Terradent Med5 toothbrush system coming from Eco-Dent. The toothbrush comes in a package 
with a replacement head which makes it equivalent to two single use brushes (Figure 4.82). In 
addition the company offers in the market 3packs of replacement heads that fit the toothbrush 
handle. Waste is reduced due to the increase efficiency of the multi-pack packaging and avoided 
from the reuse of the toothbrush handle. 
 
Figure 4.82: Terradent Med 5 toothpaste with replaceable head 
4.14 Biodegradable and compostable materials 
4.14.1 Pangea bar soap 
Natural cosmetics company Pangea, embedded medicinal herb seeds in the molded fiber 
paperboard for all skin care and bar soaps products (Figure 4.83). The seeded box was developed 
in collaboration with UFP Technologies and is a 100% compostable, biodegradable and 
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plantable package. The box loosely resembles an egg crate and actually the technology used in 
drying the newspaper and water mixture is the same as for the egg crate industry. The packaging 
is manufactured with zero waste at UFP's molded fiber division in Clinton, Iowa and created 
from 100% post-consumer newsprint-without glues and dyes. Bar soaps contain amaranth seeds, 
while facial care packages contain edible Genovese sweet basil seeds. Consumers can grow 
medicinal herbs by soaking the box for one minute and planting it in about 1inch deep of soil. 
The whole concept revolves around the idea of packaging having multiple uses and its life cycle 
continuing beyond its initial purpose.  
 
Figure 4.83: Pangea Organics bar soap packaged in molded fiber paperboard seeded box 
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4.14.2 Cargo Lipstick 
Cargo company launched the chemical-free natural lipstick ‘Plant Love’ in a flowery 
pattern tube (Figure 4.84), made of biodegradable polylactic acid (PLA). The tube is packed in a 
paperboard box, made of 100 percent recycled post-consumer pulp, which is embedded with real 
wildflower seeds. Like in the case of Pangea bar soap packaging, customers simply moisten plant 
and wait for the flowers to grow.  
    
 
Figure 4.84: Plant Love lipstick from Cargo Cosmetics company 
4.14.3 Naturally Iowa milk bottle 
Naturally Iowa is the first company in the world to sell its milk, yoghurt and ice-cream in 
containers made of polylactic acid (PLA), which is made from maize (Figure 4.85). Iowa is the 
first U.S. dairy company to manufacture PLA bottle preforms. The company has reserved a 
dedicated factory space in Waverly, Nebraska and has ordered the necessary moulds for the 
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manufacturing and production of PLA bottle preforms, used with blow molding equipment to 
produce the final PLA bottle.  
 
Figure 4.85: Naturally Iowa PLA milk bottle 
4.14.4 PLA film shrink labels 
Seal-It, a division of Printpack, has produced the first commercial full-body shrink-sleeve 
labels in the nutraceutical product category made from Earthfirst PLA (Figure 4.86). The PLA 
film is compostable and has a high shrink factor, so it will shrink to the contours of even 
uniquely shaped glass bottles, providing a high-gloss, premium look that meets needs for 
environmentally friendly packaging. Seal-It printed the labels rotogravure in 8 to 9 colors. 
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Figure 4.86: PLA full body sleeve labels by Printpack 
4.14.5 Noble Juice PLA Packaging 
Noble Juice was the first premium juice company to use NatureWorks PLA corn-based 
plastic for its packaging. In addition to the PLA bottle Noble is also using Earthfirst PLA for the 
shrink sleeve label (Figure 4.87). The company debuted the PLA packaging in September 2006 
and thanks to distribution by Wal-Mart the company's juice products still represent the only PLA 
bottle packaging available to some consumers. 
 
Figure 4.87: PLA bottle and shrink sleeve for Noble Juice 
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4.14.6 EcoWay natural banana leaf wrapping 
A natural alternative to man-made disposable wrapping packaging has been proposed by 
Israeli designer named Tal Marco. He has taken a decidedly low-tech and refreshing approach to 
package design by using natural banana leaves (Figure 4.88). Banana leaves are a by-product 
which exists in many regions around the world and last long after they are cut off the trees. They 
are highly flexible, easy to open and have a naturally waxy surface that is ideal for wet and 
greasy take-away food applications. The packages can be cut to specific forms using die cutting 
technology. Packaging is closed without use of glue and can be opened simply by tearing the 
banana leaf along its natural perforation. 
 
Figure 4.88: Ecological banana leaf wrapping for take away food from EcoWay … comes only in green 
4.14.7 Nude skincare products 
No box is needed for Nude’s skincare line. The product line containers are block-like 
therefore more can be easily stacked without the need of an outer box (Figure 4.89). The 
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products are sealed in a 100% corn based biodegradable printed with natural inks sleeve from 
Ingeo. Each container is made from 40% post-consumer plastic and is completely recyclable. 
Nude has also taken an extra step in making their gift bags and educational pamphlets Earth 
friendly by sourcing post-consumer paper as well as printing with non-toxic inks.  
 
Figure 4.89: Out of the box products for skincare line products from Nude 
4.15 New materials  
4.15.1 Oga Jogurts stand-up pouch from Calymer 
The yogurt products of Latvia Company Oga Jogutrs are packaged in a stand up flexible 
pouch manufactured by the Swedish company Ecolean AB (Figure 4.90). Packaging is 
lightweight, functional, economic, attractive and suitable for high quality print. The 1L pack 
weights 16gr, it has a tear-off spout for easy-opening and an inflated with air handle for easy 
product handling and pouring. The material from which the flexible packaging is made of is 
called Calymer and consists out of 40% by weight of calcium carbonate (chalk) and polymers 
like PE and PP that act as plastic binding agent. Calcium carbonate raw material is obtained in 
Swedish chalk-stone diggings where the extraction is performed without chemicals and small 
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amount of energy is used in manufacturing. The packaging at the end of its life can be recycled 
but it is also suitable for incineration.  
 
Figure 4.90: Stand-up pouches for Oga Jogurts made out of Calymer 
4.15.2 PlantBottle from Coca-Cola 
Unlike traditional PET bottles that are made out of petroleum, Coca-Cola’s PlantBottle 
(Figure 4.91) is a PET bottle made from a blend of petroleum-based and up to 30 percent plant-
based materials. While the bio-based component can account for up to 30 percent of the resulting 
virgin PET polymer, the percentage varies in the final bottle since they also contain recycled 
PET material. PlantBottle is currently made through a process that turns by-product of sugar 
production such as sugar cane and molasses into a key component for PET polymer. The sugar 
cane used for the material production comes predominantly from non-food producing and rain-
fed crops of sustainable sugar growers in Brazil that were used mainly for ethanol production 
and not to be refined into sugar. The PlantBottle partially produced from plant sources reduces 
the company’s dependence on a non-renewable resource such as petroleum and preliminary 
research indicates that it reduces the carbon footprint of the bottle packaging compared to the 
traditional PET coming exclusively for non-renewable sources. Unlike other plant-based plastics, 
the PlantBottle can be processed through existing manufacturing and recycling facilities without 
contaminating traditional PET. Ultimately, the Company’s goal is to use non-food, plant-based 
waste, such as wood chips or wheat stalks, in greater extend to produce recyclable PET plastic 
bottles.  
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Figure 4.91: PlantBottle is PET bottles that are partially made from plants 
4.16 Recyclable packaging 
4.16.1 Coca-Cola participation in recycling 
Coca-Cola has presented significant activity when it comes down to the recycling 
process. The company with the collaboration of the National Recycling Coalition (NRC) 
announced on October 3, 2007 a new recycling bin grant program designed to promote and 
support community recycling in the United States. Through this innovative grant, recipients will 
have the benefit of both the donated recycle bins and the expertise on how to set-up recycling 
programs from the National Recycling Coalition. Grants will be provided for recycle bins at 
sporting events, music venues, schools and commercial locations. The grant program is part of 
Coca-Cola's $60 million investment in recycling programs and initiatives in the U.S. 
The long term goal of Coca-Cola to recycle or reuse all of its plastic bottles in the USA 
marketplace is supported by a series of initiatives one of which is to construct the largest 
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recycling plant in the world. In partnership with the United Resource Recovery Corporation 
(URRC), Coca-Cola is building the world's largest bottle-to-bottle plastic recycling plant in 
Spartanburg (Figure 4.92). The plant in its full operation will have the capacity to produce 
annually approximately 100 million pounds of food-grade recycled PET polymer for reuse which 
is the equivalent of producing nearly two billion 20-ounce Coca-Cola bottles. 
 
Figure 4.92: The world’s largest plastic-bottle-to-bottle recycling plant in Spartanburg 
4.16.2 Plastic coating reduces waste and eases recyclability 
Packaging should not only protect the contained product, but also help the consumption 
of the contained product eliminating product residues at the end of use. Product traces in the 
container can affect the recyclability of the package and may even have greater environmental 
impact from the packaging itself. A new plastic coating no more than 20 nanometers thick 
applied to the inside of plastic bottles and jars of common items like ketchup and mayonnaise 
could significantly reduce consumer waste and ease recycling of the container itself by 
eliminating the conflicts to recycling stream from food and other residue in the packaging 
materials. German researchers in a joint project involving the Fraunhofer Institutes for Process 
Engineering and Packaging IVV in Freising and for Interfacial Engineering and Biotechnology 
IGB in Stuttgart, together with Munich University of Technology and various industrial partners 
are working on developing packaging materials that reduce left-over traces to half or less (Figure 
4.93). While the interior films are still in a prototype stage they do represent an interesting 
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glimpse into things to come in the packaging industry. Eco-friendly innovations in packaging can 
come from technological advances like this one. 
 
Figure 4.93: Internal plastic coating reduces consumer waste 
4.16.3 Top-Down tomato ketchup bottle from Heinz 
Heinz has eliminated the effort and the frustration from removing ketchup from the 
iconic glass bottle by using a multilayer plastic stand-up bottle (Figure 4.94). The redesigned 
product format is produced by stretch-blow molding of PET barrier preforms. The preforms are 
preferentially heated in order to achieve the required bottle contours and enhance the "bounce-
back" effect of the bottle squeezable side panels. The bottles stand on their wide and flat closures 
made by Seaquist Closures in Mukwonago, which have a build-in silicon valve regulator in order 
to assure clean dispensing. The stand-up container is lighter compared to the old glass format, 
eliminates difficulty of retrieving the last remaining ketchup in the bottle compared to right side-
up containers and contributes to the minimization of product residues in the disposed packaging. 
In addition since it has been observed that gravity draws the thickest, richest fraction of ketchup 
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to the bottom, while water droplets float up, downwards dispensing makes the product more 
appetizing and tastily for the consumer.  
 
Figure 4.94: Stand-up tomato ketchup bottle from Heinz 
4.16.4 Dove stand-up roll-on deodorant  
A similar application for reducing the product residues in the container comes from Dove 
with the new stand-up roll-on product (Figure 4.95). The standing on its closure deodorant 
container is an effective way for getting the most products out and minimizing residues in waste 
packaging. In addition the 50ml deodorants according to Unilever’s allegations are currently the 
most environmentally friendly roll-on container available on the market. The radical rethink of 
its design and manufacture has led to both environmental and business benefits. The molding, 
assembly and packaging processes have been streamlined and energy efficiency has been 
improved, with the resulting roll-on weighing on average 8% less and using 1,000 tons less 
plastic per year than previously. The time needed to make the cap was cut by 34% and the time 
to make the bottle was reduced by 8%, leading to significant energy savings. 
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Figure 4.95: Dove moved to stand up roll-on deodorants 
4.16.5 Nuvola All-Plastic pump from Taplast 
The mission for the Italian pump supplier Taplast is to develop sustainable dispensing 
systems improving performances and minimizing materials and energy. Unlike the majority of 
pumps in this category marketed by all the dispenser producers that use a steel spring to provide 
the spring action of the pump, Taplast’s Nuvola pump is the first all-plastic foamer pump 
produced (Figure 4.96). Nuvola foamer pump is part of the companies’ wide range of ‘All-
Plastic’ pumps, protected by international patent. The pumps use a molded thermoplastic 
element, with the form of bellows that replace the usual metal spring (Figure 4.97). The absence 
of metal spring makes the pumps compatible with a wide range of liquids, but also easier to 
recycle since they are all plastic.  
 
Figure 4.96: Nuvola all-plastic foamer pump 
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Figure 4.97: Metal vs. plastic spring for dispensing pumps 
4.16.6 Clear Works from Clorox 
Green Works is a line of natural cleaning products form Clorox made from plant-based 
ingredients derived from sources such as coconuts and lemon oil (Figure 4.98). One of the 
products in the line, the Glass & Surface Cleaner spray uses corn-based ethanol as a component 
in its base formulation. The ingredients used in Green Works products are sustainable, non-
allergenic and biodegradable. According to company’s claims the product line is as effective as 
conventional cleaners, although it is made from plant-based ingredients. Furthermore, the 
biodegradable, non-allergenic product range is not tested on animals. Green Works packaging is 
very impactful in terms of the ‘green’ messaging although it is mainly filled in stock packaging. 
The product range is packaged in recyclable bottles for which their recyclability is enhanced by 
the fact that no colors are used for both caps and bottles.  
 185 
 
Figure 4.98: GreenWorks natural cleaners packaged in recyclable bottles 
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CHAPTER 5 PACKAGING SUSTAINABILITY AWARENESS 
SURVEY 
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5.1 Survey Overview 
5.1.1 Scope 
In order to better understand the position of packaging professionals’ community on 
environmental and packaging sustainability issues, a survey was conducted. The target was to 
monitor personal views and beliefs of people in the packaging profession -not their companies’ 
strategies or policies- on packaging sustainability related topics.  
5.1.2 Research Methodology 
In order to collect replies, an on-line questionnaire, which was hosted on 
www.surveymonkey.com, was designed. The questionnaire consisted of 10 sections. The exact 
format of the survey with the original questions can be seen in Appendix II. Each section had to 
be completed in order to proceed to the next one and there was no option of returning to the 
previous section once it had been submitted.  
5.1.3 Survey Participants 
Environmental issues linked to packaging should be a global concern and should find 
their way of expression beyond country borders and in all companies, institutes or educational 
organizations related with packaging. Having this in mind, a special effort was made to invite to 
the survey packaging professionals and people involved with packaging sustainability, from as 
many countries as possible and from different companies or areas of occupation. The goal was to 
reach out to as many packaging professionals as possible.  
Various approaches were followed in the effort to locate people in the packaging 
profession in order to create a diverse group of packaging contacts from various companies and 
different countries. The most effective of all was the search through internet-based professional 
networks. This proves once more the power of the internet as a global tool, which enhances 
communication by breaking barriers and bringing people together, leading to the ‘One World’ 
concept. Global cooperation is required in order to tackle serious issues such as the protection of 
the environment and of all life forms on the planet. 
In order to invite participants to complete the survey, an e-mail was sent to them on the 
10th of March 2008, containing a formal introduction of the sender, describing the purpose of this 
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investigation and also informing about the process to be followed for the completion of the 
questionnaire. The invitation provided to the recipients the option to remove themselves from the 
survey distribution list. A period of 3 weeks was provided to participants to complete the on-line 
survey. At the end of the second week a kind reminder was sent to enhance participation during 
the last week, which proved to be especially effective. The original text of the invitation can be 
found in Appendix II. 
5.1.3.a Participants general statistics 
Out of 1515 people that were initially invited, 461 persons entered the survey and 393 
completed it. This means that from the people who actually entered the survey, the completion 
rate was 85,3%, which is significantly high taking into account that answering was mandatory to 
all survey questions and average time required for completion was 10-20min. This high 
percentage of completion leads to the conclusion that the general topic of packaging 
sustainability, but also the selection of the questions and the way the survey was set-up was 
intriguing for participants and urged them to complete the questionnaire until the very end. In 
Figure 5.1 the percentage of participants quitting the survey per section is presented. As it is 
clearly illustrated, most participants who quit the survey, abandoned it during the first sections 
(2-5), while the vast majority of people who answered section 5, managed to fully complete the 
survey. 
 
Figure 5.1: Percentage of participants quitting the survey per section 
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5.1.3.b Participants geographical distribution 
As already mentioned, a special effort was made to have packaging professionals from as 
many countries as possible participating in the survey. The final results of this effort can be seen 
in Table 5.1. Survey participants originate from 47 different countries around the globe. The pie-
chart of Figure 5.2 shows that the survey participation was dominated by North American and 
secondly by European packaging professionals. 
 
Figure 5.2: Survey participants per geographical division 
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Table 5.1: Table of participants and of complete replies per division and per country 
Division Country Participants Complete Replies 
Africa/Middle East 6 5 
 Egypt 1  
 Israel 1 1 
 Nigeria 1 1 
 South Africa 3 3 
    
Europe  127 108 
 Austria 2 2 
 Belgium 7 5 
 Bulgaria 1 1 
 Czech Republic 1 1 
 Denmark 1 1 
 Finland 5 5 
 France 13 12 
 Germany 7 5 
 Greece 12 11 
 Ireland 1 1 
 Italy 9 8 
 Latvia 3 3 
 Luxembourg 1 1 
 Netherlands 2 2 
 Norway 2 2 
 Poland 7 4 
 Portugal 2 1 
 Russia 2  
 Spain 1 1 
 Sweden 11 9 
 Switzerland 6 6 
 Turkey 3 2 
 United Kingdom 28 25 
    
Greater Asia    67 55 
 China 18 14 
 India 14 12 
 Malaysia 1 1 
 Pakistan 2 2 
 Philippines 13 11 
 Singapore 2 2 
 South Korea 1 1 
 Sri Lanka 1 1 
 Taiwan 1  
 Thailand 13 11 
 Vietnam 1  
    
Latin America  21 18 
 Brazil 7 5 
 Colombia 3 3 
 Mexico 9 8 
 Uruguay 1 1 
 Venezuela 1 1 
    
North America  217 189 
 Canada 14 12 
 USA 203 177 
    
South Pacific  23 18 
 Australia 22 17 
 New Zealand 1 1 
    
Grand Total  461 393 
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5.1.3.c Participants professional profile 
The survey targeted individual responses and not the participants’ company’s policy or 
strategy regarding packaging sustainability related topics. Nevertheless one of the goals, besides 
the wide geographical representation, was to have participants from various companies, business 
units or institutes, so that different business cultures, environments and habits can be expressed. 
The overall picture of participants is illustrated in Table 5.2.  
Table 5.2: Participants in the survey per profession category 
General Category # of Participants # of Complete Replies Completion Rate 
Colgate-Palmolive 115 106 92,2% 
CP Competitors 53 45 84,9% 
Food & Drink Industry 60 46 76,7% 
Packaging Consultants 24 23 95,8% 
Packing Materials Suppliers 83 74 89,2% 
Retailers 5 5 100,0% 
Universities or Packaging Institutes 77 58 75,3% 
Various Companies 44 36 81,8% 
Grand Total 461 393 85,2% 
Since packaging is widely related to consumer goods industry, most participants 
originated from this area. The majority of participants are from Colgate-Palmolive Company 
(CP). Companies that compete in one or multiple product categories with Colgate-Palmolive are 
categorized as ‘CP Competitor.’ This category consists of major competitors such as: Procter & 
Gamble, Unilever, Reckitt-Benckiser, Henkel and Church & Dwight, companies in the home 
care division: Clorox, Dial, SC Johnson, Sara Lee, Ecolab, Seventh Generation, in the body care 
segment: Johnson & Johnson, L’Oreal, Avon, Pangea etc. The ‘Retailers’ category contains 
companies like Wal-Mart, Sam’s Club, Marks & Spencer and Whole Foods Market. Some of the 
‘Food & Drink’ companies are: Nestle, Kraft Foods, Danone, Mars Foods, General Mills, Heinz, 
Kellogg’s, Cadbury Schweppes, Birds Eye, ConAgra Foods, Hersey Foods, Coca-Cola, and 
PepsiCo. Packaging professionals from companies supplying packing materials also participated 
to the survey, as well as packaging consultants and professionals from academic or institutional 
fields. In the ‘Various Companies’ cluster a quite broad range of companies are included such as 
petroleum companies (Exxon and BP), electronics and electric appliances (General Electric, 
Frigoglass, Hewlett-Packard, Symantec), pharmaceutical (Abbott, Pfizer, Bausch & Lomb, 
Baxter, GSK, Schering & Plough), furniture (IKEA), toys (Mattel) express deliveries (DHL, 
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UPS), tobacco (Phillip Morris, Imperial Tobacco), commodities (BIC, Energizer) and many 
more.  
An invitation was sent to the whole packaging community of Colgate-Palmolive (187 
contacts), out of which 115 persons participated in the survey and 106 completed it. At this point 
it is very important to understand that since the surveyor professional belonged to CP, the access 
to packaging contacts from CP was without any limitations. This was not the case for other 
companies, from which only a small percentage of their packaging community was invited to the 
survey. In addition it is important to point out that since the invitation that was received by all 
participants clearly stated that the sender was a CP professional, some non-CP participants were 
more reluctant, skeptical and hesitant to participate in the survey, whereas for CP professionals 
the process of participating in this survey was considered as normal information sharing 
procedure. 
At this point it is important to clarify that CP category contains all Packaging 
professionals of the company including also acquisitions. This means that Oral Care, Body Care, 
Home Care, Hills Pet nutrition’s, Gaba and Tom’s of Maine are consolidated under the umbrella 
of CP in the following analysis of the survey results. 
 
Figure 5.3: Time required for completion of the survey by the participants 
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5.1.3.d Required time for completion 
An analysis was made for the required time to complete the survey by the participants. 
This analysis was limited only to replies that required less than 60min for completion which 
correspond to 332 replies (84.9%). As it can be seen in Figure 5.3 the fastest participants 
completed the survey in approximately 7 minutes, while the vast mass of participants spent 10-
20 minutes in completing the survey. The accumulative time that was spent by participants of 
this analysis to complete the survey, was 115h and 18min. 
The whole process of the survey proved to be a very important and enlightening 
experience. Not only because it was possible to collect replies from participants to the predefined 
questionnaire of the survey, but also because in parallel, a very important and fruitful discussion 
was initiated with many of the people that received the survey invitation, commenting on the 
content and the set-up of the survey, but also providing very interesting input about the overall 
topic of ‘Packaging Sustainability.’ This open discussion was not limited to participants of the 
survey, but went beyond with people that for various reasons refused to participate in the survey. 
5.2 Purchasing decisions (Section 1) 
In the first section of the survey (Figure II.1) participants are requested to evaluate the 
importance of several product aspects in making a purchasing decision in a super market. Several 
product characteristics which refer to pricing, branding, convenience, appeal and packaging are 
suggested to participants in order to rate their importance. 
At this point it must be highlighted that actual purchasing decisions in a super market are 
generally made in a few seconds and they are mostly a result of right brain thinking. This means 
that the shopping decisions are subconscious in nature, impulsive actions that are not really 
based on a logical and analytical way of thinking. 
On the contrary of the above observation, the first question of the survey requires from 
the packaging professionals to rank, in a rational and structured way, what drives their 
purchasing decisions. While this logical and well thought decision hierarchy of participants may 
not be translated to actual shopping decision in the aisle of a super market and although their 
shopping basket at the cashier may contain items that do not support their replies to this survey 
question, their rating is important since it indicates their beliefs and their values of what they 
would like and should drive their shopping decisions [77]. 
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Figure 5.4: Importance of various aspects determining ‘Purchasing Decisions’ (All participants) 
 
 
 
Figure 5.5: Importance of various aspects determining ‘Purchasing Decisions’ (CP participants) 
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Figure 5.6: Importance of various aspects determining ‘Purchasing Decisions’ (non-CP participants) 
‘Trusted brand’ and ‘Easy to use’ are the two most important product aspects in their 
purchasing decisions, according to the survey participants (Figure 5.4). This is a priority for both 
CP and non-CP participants, as illustrated in Figure 5.5 and Figure 5.6. On the other hand non-
CP participants prioritize the ‘Packaging Recyclability’ of the product they will buy, much 
higher than CP participants, who prefer aspects such as ‘Performance Claims,’ ‘Easy to carry’ 
and ‘Offers’ such as price-offs, multi-packs and banded offers. In general, for all participants, 
product aspects that improve the environmental effect of packaging (recyclable, recycled, 
compostable, concentrate, refillable) are not the first priority on their list.  
5.3 Environment and packaging statements (Section 2) 
This section (Figure II.2) consists of 18 general statements for which participants are 
requested to input the level of their agreement or disagreement. The goal is to build a profile of 
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the participants concerning environmental and packaging topics, in both their private and their 
professional life. 
5.3.1 Packaging Experience 
The 15th statement of section 2, requests from participants to self-evaluate their 
packaging expertise. The analysis of the results per profession category is presented in Figure 
5.7. It is clear that the pool of CP participants considers and rates themselves as less experienced 
in packaging, than all other professional categories. The participants coming from retailing 
channel presented the higher level of confidence in terms of their packaging skills.  
 
Figure 5.7: Self-evaluation of participants ‘Packaging Experience’ per professional category 
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5.3.2 Recycling 
Four statements of the second section target in deriving information about the recycling 
habits of participants in their personal and office life. Participants were requested to evaluate the 
general recycling process both in their community and their working location, but also to rate 
their participation in the process. In Figure 5.8 a comparison is made between what they believe 
is the common practice on recycling at the place they live and work and how they participate in 
these recycling processes. As it can be seen, survey participants tend to be -or consider 
themselves to be- more active in the recycling process, compared to what they believe the 
common practice is at their community or their workplace. This tendency is observed in 
participants coming from all business categories that took part in this survey. 
 
Figure 5.8: : ‘Recycling Habits’ at home and at the office (All participants) 
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about environmental issues (Figure 5.9). The level of confidence in all three statements, as seen 
in Figure 5.10, declines when it comes to CP participants. 
 
Figure 5.9: Replies on ‘Environmental Awareness’ topics (All participants) 
 
 
Figure 5.10: Replies on ‘Environmental Awareness’ topics (CP participants) 
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about their environmental sensitivity and also claim to stay more informed about these issues 
(Figure 5.12 and Figure 5.13). On the contrary participants coming from Africa and Asia rate 
themselves lower in all three statements.  
 
Figure 5.11: Familiarity of participants with ‘Sustainability’ per geographical division 
 
 
Figure 5.12: Sensitivity to ‘Environmental Issues’ per geographical division 
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Figure 5.13: Level of staying updated on environmental issues per geographical division 
Although participants in general claim to be very sensitive to environmental issues, when 
it comes to personal transportation the majority has decided to use private car transportation and 
not to replace it with public means of transportation. In Figure 5.14 it is clearly illustrated that 
participants from North America are the ones that are more dependent on private car 
transportation. 
 
Figure 5.14: Use of public transportation versus car by participants per geographical division 
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5.3.4 ‘Green’ Packaging 
When survey participants were asked about their willingness to pay more for green 
packaging, the level of agreement varied from over 60% for people coming from Asia and North 
America and went down to 30% for participants coming from Africa and South Pacific (Figure 
5.15). This clearly indicates how people from different geographical regions react to the 
interrelation of the environmental performance of packaging to the product price. 
 
Figure 5.15: Willingness of participants to pay more for green packaging per geographical division 
5.3.5 Environmental responsibilities 
A very big percentage of survey participants (over 70%) claimed that they estimate the 
environmental impact for new packaging (Figure 5.16). An even larger number of participants 
(over 80%) considered that their professional responsibilities also include sustainability topics. 
By excluding professionals coming from University/Institutional and consulting areas in Figure 
5.17, it is observed that their replies do not really influence the overall result. Figure 5.18 shows 
that for CP professionals the percentage of agreement is much lower for both statements. 
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Figure 5.16: Environment related professional responsibilities (All participants) 
 
 
Figure 5.17: Environment related professional responsibilities (All participants excluding Consultants (24) and University & Institute 
(73)) 
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Figure 5.18: Environment related professional responsibilities (CP participants) 
5.3.6 Overpackaging 
According to Figure 5.19, slightly more than half of the participants consider products in 
a super market to be overpackaged. But when the same people are asked if they overpackage 
products in order to avoid problems in the supply chain, less than 20% admit of doing so. When 
it comes to evaluate their company’s performance in overpackaging, the results are almost 
identical to their personal evaluation in this field. Therefore packaging professionals 
participating in this survey consider the products of their company to use less packaging versus 
other products in the market and they consider them overpackaged. 
In the case of CP professionals, the percentage for all three statements is higher, since 
almost 60% feel that super market products are overpackaged. CP professionals that overpackage 
in order to avoid problems are a slightly less than 30% and almost 25% consider packaging of 
CP products to be excessive (Figure 5.21).  
One important comment that should be made at this point is that although in Figure 5.20 
non-CP participants rate their personal performance in overpackaging to be better than their 
companies overall performance in this field, in the case of CP participants (Figure 5.21) the 
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overall performance of the company’s packaging is evaluated as better than their personal 
performance. 
If more than half of the packaging professionals agree that products in the super markets 
are overpackaged, this means that there is a big space for improvement in this area. 
Overpackaged products are not always caused by packaging professionals and in many cases the 
excess of materials is not added in order to avoid distribution problems or to protect the product. 
Overpackaging can be the result of different reasons, such as size impression, premium 
appearance, consumer appeal (often referred to as the ‘wow factor’), that often cannot be 
controlled by the packaging community. This means that in order to reduce the overpackaged 
products, packaging should educate and work with different functions within the company in 
order to guide them to the correct direction. Furthermore, consumers have a contribution to 
overpackaging themselves, since they are the ones making the product selection at the end. If 
buyers are able to distinguish and identify these products and avoid purchasing them, then there 
is no use of overbuilding them in the first place. Since the packaging experts admit that they 
overpackage, the benefits would be substantial if these professionals were allowed to identify, 
rationalize and optimize what they currently consider to be excessive.  
 
Figure 5.19: Views on Overpackaging (All participants) 
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Figure 5.20: Views on Overpackaging (All participants excluding Consultants (24) and University & Institute (73)) 
 
 
Figure 5.21: Views on Overpackaging (CP participants) 
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5.3.7 Company performance 
Figure 5.22 illustrates the opinion of survey participants about the performance of their 
companies on environmental and packaging issues. In Figure 5.23 the packaging consultants and 
university-institutes participants have been excluded, since they are not in the product supply 
chain. In general the majority of participants (70%) are satisfied with the environmental 
performance of their company. When it comes to environmental friendly packaging of their 
products, satisfaction is limited to half of the participants, but only 1 out of 5 considers the 
company’s products to be overpackaged.  
The CP packaging professionals’ responses to the same statements are illustrated in 
Figure 5.24. In general CP participants are less satisfied with the environmental performance of 
their company, consider the packaging of the company’s products to be less friendly to the 
environment and finally state that the products of the company are overpackaged at a larger 
extend. 
 
Figure 5.22: Company’s performance on environmental issues (All participants) 
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Figure 5.23: Company’s performance on environmental issues (All participants excluding Consultants (24) and University & Institute 
(73)) 
 
 
Figure 5.24: Company’s performance on environmental issues (CP participants) 
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arising as a requirement in the job selection process. ‘Green Requirement’ is a new trend in HR 
glossary, where the strong performance of the company on environmental issues is used in order 
to attract new talent. 
Considering the replies of the participants to the statement ‘Working for a “green” 
company would be inspiring’ it is obvious how true the above remark is. More than 70% of the 
participants of the survey would find working for a ‘green’ company inspiring. An analysis per 
company category can be seen in Figure 5.25 and by geographical region in Figure 5.26. 
 
Figure 5.25: Participants who would be inspired by working for a green company per company category 
 
 
Figure 5.26: Participants who would be inspired by working for a green company per geographical division 
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5.4 Level of concern and packaging contribution of 
environmental issues (Section 3) 
In this survey section (Figure II.3) several environmental issues are presented to 
participants, who are requested to state their level of concern. In parallel, they are requested to 
estimate the level of packaging contribution for each of these environmental issues.  
5.4.1 Level of concern 
Figure 5.27 illustrates the level of concern to environmental issues of all survey 
participants. As it can be seen, number one issue on the mind of participants is ‘Water pollution’ 
closely followed by ‘Air pollution.’ On the other hand issues like ‘Acid rain’ or ‘Species 
extinction’ are on the bottom of the list for survey participants.  
The comparison of Figure 5.28 and Figure 5.29 shows that although CP and non-CP 
survey participants agree on the major concerns, issues such as ‘Fossil fuels consumption’ are 
rated higher by non-CP participants and ‘Drinking water shortage’ is much higher in the 
concerns of CP participants. 
 
Figure 5.27: Level of concern on environmental issues (All participants) 
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Figure 5.28: Level of concern on environmental issues (CP participants) 
 
 
Figure 5.29: Level of concern on environmental issues (non-CP participants) 
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The comparison of CP and non-CP participants in Figure 5.31 and Figure 5.32 indicates 
that packaging is linked more to ‘Air pollution’ for CP participants, while for non-CP 
participants ‘Toxins generation’ are more linked to packaging.  
 
Figure 5.30: Estimation of packaging contribution on environmental issues (All participants) 
 
 
Figure 5.31: Estimation of packaging contribution on environmental issues (CP participants) 
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Figure 5.32: Estimation of packaging contribution on environmental issues (Non-CP participants) 
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name a company in any field, 29.5% did not name a consumer goods company and 40.3% did 
not name a leader in green packaging. 
Table 5.3: Participants in section 4 of the survey that did not name a green company 
  Green Company in Any Business Field 
Green Company in 
Consumer Goods  
Company Leading in 
Green Packaging Any of 3 Fields 
Participants in Section 4 (#) 417 417 417 417 
Did not name a Company (#) 117 123 168 63 
Did not name a Company (%) 28,1% 29,5% 40,3% 15,1% 
Since this section required at least one of the three fields to be filled in order to proceed 
to the next section of the survey, even people that did not name a company, were obliged to enter 
some type of information to at least one of the three fields in order to continue with the survey. 
By reviewing this information the following classification can be made according to the replies 
of people that did not name a company: 
Some people were not able to think of any company that fits the picture of the ‘green’ 
perception. Some of their replies were: ‘I cannot think of any,’ ‘I haven't thought about it,’ ‘I 
really do not know,’ ‘I do not know one,’ ‘No idea,’ ‘No opinion,’ ‘Unaware of any’ etc. Or even 
going to the extreme of defending their current company: ‘I don't know, we are no better or 
worse than anyone else’ 
Other people were really skeptical or even had a cynical approach to the very concept of 
a business acting or being ‘green.’ The common ground in their replies was that the whole 
concept of green business is more a marketing scheme and an advertising approach, rather than a 
sincere company policy. Some of their replies were:  
 I don't know any for sure, all is publicity but facts??? 
 None is green in my point of view. 
 It's only marketing! There are no green companies, just shades of green. 
 None, unable to judge what is truly "green." 
 I only know the written green - not reality. 
 None, some are strong in green marketing. 
 None - they are equally bad. 
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Skepticism was also recorded over the overall concept of ‘green’ packaging along with 
difficulty in defining and understanding the concept: 
 There's no such thing as 'green' packaging per se. 
 What is 'green' packaging? 
 Depends on definition of 'green' - No clear leader that I can claim. 
 Leader in green packaging: NATURE 
Some survey participants did not name companies, but recorded in their replies areas of 
activities or general product groups that they considered to fulfill the concept of ‘green.’ In this 
approach it is obvious that the company is not being perceived by the way it operates and does 
business, but rather as the result of what it produces and how this product can contribute in 
improving the environment: 
 Makers of wind-to-electricity turbines 
 Solar cells industry 
 Environmental activists 
 Organic products companies  
 Food Industry 
 Agriculture 
 Farm stands 
 Milk industry 
 Independent butchers, fruit and vegetable shops 
 Makers of bamboo flooring 
 Hand-made toys 
 Super market 
The same approach was followed from some of the participants in terms of companies 
leading in green packaging where paper related industries or bulk selling companies were 
favored: 
 Cardboard industry 
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 Corrugated board industry 
 Biodegradable paper makers or simple paper companies 
 Producers of concentrated laundry detergents 
 Metal containers producers 
 I don't know - the "greenest" are perhaps bulk food distributors 
 Farm stands 
 Farmers markets 
It is important to highlight that all participants’ replies that did not actually name a 
company, were consolidated and considered as ‘No Reply.’ Therefore, in the analysis that 
follows, all responses that named a general industry field –but not a specific company- and stated 
general comments or concerns, are reported as ‘No Reply.’ 
In some cases participants specified a subsidiary of the company in their replies: Coca-
Cola/Philippines, Nestle Waters/North America, Nestle/Pakistan, Nestle/Germany, 
Ecover/Belgium etc. This was probably done in order to emphasize the efforts in this particular 
site of the company or in order to state their inability to speak over the global business of the 
company. In some cases explanations were given about their choices: Clorox was selected due to 
Simply Green Product Line new launch, Philips due to the new technology in Lighting bulbs, 
NatureWorks due to the fact that it is considered as the PLA maker, Amway because most of 
their products are concentrated and RPC due to the launch of biodegradable PLA packaging. 
Some participants accompanied their company selection with a question mark, probably 
in order to indicate the uncertainty of their reply. One participant even made the comment “No 
Joke,” for selecting energy and petrochemicals company ‘Shell’ as the company he considered to 
be the most ‘Green,’ probably to emphasize that a petroleum company can be actually 
considered a green company. Both geographical preferences and all kind of comments were 
excluded and only the company name was taken into consideration in the analysis below. 
5.5.1 Green Company in any field 
117 different companies appear in the list of ‘Green company in any field’ (Table 5.4). 25 
companies hold the first 8 places and account for 51.2% of the total votes. The first spot of this 
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general category is held by two retailers. ‘Wal-Mart’ and ‘Whole Foods Market’ have each of 
them received 4% of the total votes.  
Taking into consideration that all questions so far in the survey have been targeting 
packaging sustainability topics, inevitably the focus of participants was shifted towards 
pioneering companies in the packaging field, even for the general category -companies in any 
business field- of this poll. 
Table 5.4: Top green companies in ‘Any Business Field’ as voted by the survey participants 
Rank Company Name Votes % 
1 Wal-Mart 12 4,0% 
1 Whole Foods Market 12 4,0% 
2 Toyota 11 3,6% 
3 Hewlett-Packard 10 3,3% 
4 Aveda 9 3,0% 
5 Microsoft 8 2,6% 
6 British Petroleum 6 2,0% 
6 General Electric 6 2,0% 
6 Procter & Gamble 6 2,0% 
6 The Body Shop 6 2,0% 
7 Google 5 1,7% 
7 Herman Miller 5 1,7% 
7 Honda 5 1,7% 
7 IKEA 5 1,7% 
7 NatureWorks 5 1,7% 
7 Nestlé 5 1,7% 
7 Shell 5 1,7% 
7 Starbucks 5 1,7% 
7 Tetra Pak 5 1,7% 
8 Apple 4 1,3% 
8 Coca-Cola 4 1,3% 
8 Greenpeace 4 1,3% 
8 Marks & Spencer 4 1,3% 
8 Timberland 4 1,3% 
8 Unilever 4 1,3% 
 TOTAL 155 51,2% 
    
# of Participants that did not name any company in this field 117 
# of different companies appearing in the replies of this field 144 
5.5.2 Green Company in consumer goods products 
Things are more consolidated when it comes to naming a ‘Green company in consumer 
goods’ category (Table 5.5). 105 different companies appear in the list. Things are even more 
condensed at the top, since 20 companies hold the 10 first positions and all together account for 
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60% of the total votes. Three big multinational companies are the ones that hold the first places 
in this category. 
Table 5.5: Top green companies in producing ‘Consumer Goods Products’ as voted by the survey participants 
Rank Company Name Votes % 
1 Procter & Gamble 25 8,5% 
2 Unilever 18 6,1% 
3 Colgate-Palmolive 17 5,8% 
4 Aveda 13 4,4% 
5 Wal-Mart 12 4,1% 
6 The Body Shop 10 3,4% 
6 Coca-Cola 10 3,4% 
6 SC Johnson 10 3,4% 
7 Nestlé 9 3,1% 
8 Whole Foods Market 7 2,4% 
8 Tom's of Maine 7 2,4% 
9 Method Home 5 1,7% 
9 Tesco 5 1,7% 
9 PepsiCo 5 1,7% 
10 Visy 4 1,4% 
10 Ecover 4 1,4% 
10 Innocent 4 1,4% 
10 Johnson & Johnson 4 1,4% 
10 Green Mountain Coffee Roasters 4 1,4% 
10 Clorox 4 1,4% 
 TOTAL 177 60,0% 
    
# of Participants that did not name any company in this field 123 
# of different companies appearing in the replies of this field 105 
5.5.3 Leader in green packaging 
When it comes to naming a company that is a ‘Leader in green packaging’ then AVEDA 
is undoubtedly the company that is linked with the green packaging perception and gathers 
12.3% of the total votes. As it can be seen in Table 5.6 the list contains 17 companies that hold 
the top 9 positions and in total are accounted for the 54,4% of the participants preferences. 
By taking a look at the overall picture of this poll in Table 5.7, it is observed that a lot of 
companies are receiving votes in all three categories. This justifies the comment that has already 
been made, that since the survey deals with packaging sustainability topics, participants focused 
mostly in this area when asked to select green companies and did not allow themselves to think 
more broadly. 
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Table 5.6: Companies ‘Leading in Green Packaging’ as voted by all survey participants 
Rank Company Name Votes % 
1 Aveda 31 12,3% 
2 Wal-Mart 20 7,9% 
3 Tetra Pak 15 6,0% 
4 NatureWorks 10 4,0% 
5 Procter & Gamble 7 2,8% 
5 Whole Foods Market 7 2,8% 
5 Coca-Cola 7 2,8% 
6 Visy 6 2,4% 
7 The Body Shop 5 2,0% 
7 Nestlé 5 2,0% 
8 Colgate-Palmolive 4 1,6% 
8 Innocent 4 1,6% 
8 McDonalds 4 1,6% 
9 Method Home 3 1,2% 
9 Tesco 3 1,2% 
9 Kraft Foods 3 1,2% 
9 Dupont 3 1,2% 
 TOTAL 137 54,4% 
    
# of Participants that did not name any company in this field 168 
# of different companies appearing in the replies of this field 115 
 
Table 5.7: Consolidated information for the top green companies in all fields  
Rank Company Name Any Field 
Consumer 
Goods 
Green 
Packaging 
Grand 
Total (%) 
1 Aveda 9 13 31 53 6,2% 
2 Wal-Mart 12 12 20 44 5,2% 
3 Procter & Gamble 6 25 7 38 4,5% 
4 Whole Foods Market 12 7 7 26 3,1% 
5 Colgate-Palmolive 2 17 4 23 2,7% 
5 Tetra Pak 5 3 15 23 2,7% 
6 Unilever 4 18  22 2,6% 
7 Coca-Cola 4 10 7 21 2,5% 
7 The Body Shop 6 10 5 21 2,5% 
8 Nestlé 5 9 5 19 2,2% 
9 NatureWorks 5  10 15 1,8% 
10 Hewlett-Packard 10 2 2 14 1,6% 
11 Visy 3 4 6 13 1,5% 
11 SC Johnson 1 10 2 13 1,5% 
11 Toyota 11 2  13 1,5% 
12 Tom's of Maine 2 7 2 11 1,3% 
13 Innocent 2 4 4 10 1,2% 
13 IKEA 5 3 2 10 1,2% 
14 Method Home 1 5 3 9 1,1% 
14 Tesco 1 5 3 9 1,1% 
 TOTAL    407 47,9% 
       
# of Participants that did not name any company in these fields 408 
# of different companies appearing in the replies 253 
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5.5.4 Analysis per region and per company 
In Table 5.8 the selected companies in all three areas of concern are grouped by region of 
participants, indicating that each geographical area has its own ‘local heroes’ when it comes to 
environmental issues. In the European region ‘The Body Shop’ and ‘Tetra Pak’ are the most 
popular when it comes to green matters. More specifically if we take a look at the UK, we see 
that M&S, Co-op UK and Innocent hold the number one position. On the other hand, in the 
USA, Whole Foods Market is considered as the ‘greenest’ company in any business field. Wal-
Mart is in a lower position, but is upscaled in the overall ranking in Table 5.4, due to Canada’s 
and Latin America’s contribution. P&G is the green consumer goods company and AVEDA the 
leader in green packaging according to the survey participants from USA. Other examples of 
‘local heroes’ are ICT in India, Maison Verte in France, Visy in Australia and Natura in Brazil. 
Table 5.8: Regional analysis of participants replies for the leading green companies 
 Any Field % Consumer Goods % Green Packaging % 
       
Europe The Body Shop 6,8% The Body Shop 13,0% Tetra Pak 21,4% 
 Toyota 6,8% Unilever 8,7% Innocent 7,1% 
 Shell 6,8% Tesco 5,8% Coca-Cola 7,1% 
       
UK Marks & Spencer 15,8% Co-op UK 14,3% Innocent 25,0% 
       
India ITC - India 42,9% ITC - India 28,6% ITC - India 40,0% 
       
Australia Visy 20,0% Visy 25,0% Visy 54,5% 
       
USA Whole Foods Market 7,1% Procter & Gamble 10,9% Aveda 20,9% 
 Aveda 5,8% Aveda 7,7% Wal-Mart 9,4% 
 Wal-Mart 5,2% SC Johnson 5,8% Whole Foods Market 5,0% 
     NatureWorks 5,0% 
Another very interesting point is to see if the votes for the companies are coming for 
professionals that are currently employed from the same company. Table 5.9 presents the results 
of the analysis that was made for companies that received more than 6 votes in total. As it can be 
seen, in many cases packaging professionals are actually voting for their own company in any of 
the three categories. Companies like Tom’s of Maine or Colgate-Palmolive received a very big 
percentage of their votes from people currently employed in the company. 
The fact that CP is receiving votes mainly from within can have the following readings:  
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 CP is considered to be a green company and to perform in well in green packaging only 
from packaging professionals within the company, because the company does not 
promote and advertise the work it is doing in these fields outside the company  
 CP packaging professionals are selecting their own company because they have narrowed 
their horizons and they are not well informed over developments outside their company.  
 A loyalty and trust has been created between the company and their employees, leading 
them in supporting their company in this topic. 
On the other hand companies like AVEDA, Wal-Mart and Procter & Gamble are 
receiving zero or minimum support from people inside the company, which means that the 
efforts that are being made from them reach people outside the company.  
Table 5.9: Votes for green company leaders coming from professionals within the same company 
Company Name Total votes Voted their own company % 
Tom's of Maine 11 10 90,9% 
Colgate-Palmolive 23 17 73,9% 
Kraft Foods 7 3 42,9% 
Marks & Spencer 7 3 42,9% 
Nestlé 19 6 31,6% 
Johnson & Johnson 7 2 28,6% 
Unilever 22 6 27,3% 
IKEA 10 2 20,0% 
Green Mountain Coffee Roasters 6 1 16,7% 
Visy 13 2 15,4% 
Coca-Cola 21 3 14,3% 
General Electric 7 1 14,3% 
Ben & Jerry's 7 1 14,3% 
Whole Foods Market 26 2 7,7% 
SC Johnson 13 1 7,7% 
Hewlett-Packard 14 1 7,1% 
NatureWorks 15 1 6,7% 
Procter & Gamble 38 2 5,3% 
Wal-Mart 44 1 2,3% 
Aveda 53  0,0% 
Tetra Pak 23  0,0% 
The Body Shop 21  0,0% 
Toyota 13  0,0% 
Innocent 10  0,0% 
Method Home 9  0,0% 
Tesco 9  0,0% 
Apple 8  0,0% 
Ecover 8  0,0% 
Microsoft 8  0,0% 
Starbucks 8  0,0% 
Herman Miller 7  0,0% 
ITC - India 7  0,0% 
British Petroleum 6  0,0% 
Timberland 6  0,0% 
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Table 5.10 shows the preferences of CP survey participants in all three areas of concern 
of section 4. Obviously what has already been identified in Table 5.9 is verified also in Table 
5.10 since both Colgate-Palmolive and Tom’s of Maine gather big percentage of the CP 
preferences.  
Table 5.10: Green companies preferences of CP packaging professionals 
 Any Field % Consumer Goods % Green Packaging % 
       
CP British Petroleum 7,9% Colgate-Palmolive 16,9% Wal-Mart 9,6% 
 Wal-Mart 6,3% Tom's of Maine 9,2% Colgate-Palmolive 7,7% 
 Toyota 6,3% The Body Shop 7,7% Coca-Cola 5,8% 
 Whole Foods Market 4,8% Nestlé 7,7%   
5.6 Environmental Impact of materials (Section 5) 
Several materials used for the production of packaging items, were proposed to the 
participants, so that they comment on their overall environmental impact. No specific stage of 
their lifecycle was indicated, because the target was to get the general sense of the participants, 
for various materials that are everyday candidates for the packaging they design, specify or 
handle.  
This section of the survey was one of the most difficult to answer and triggered numerous 
e-mails from participants, requesting clarifications or commenting on this question. One 
common request was to clarify which stage of the lifecycle (extraction, production, end-life etc.) 
and which environmental impact (acidification, eutrophication, global warming etc) should be 
considered in order to estimate the environmental impact. It is important to clarify, even at this 
point, that the purpose was to see what packaging professionals feel about different materials and 
their overall environmental impact. Naturally this is a very difficult task for people that are 
involved with packaging sustainability and LCA and who know that a thorough analysis is 
required and even this cannot result to clear and straightforward answer to this question. A 
comparison of some polymer materials common in packaging, by the use of LCI data and LCA 
software will follow in Chapter 6. 
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Figure 5.33: Estimation over the total environmental impact for different materials (All participants) 
 
 
 
Figure 5.34: Estimation over the total environmental impact for different materials (CP participants) 
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Figure 5.35: Estimation over the total environmental impact for different materials (Non-CP participants) 
PVC, PS, PU and ‘Single usage Glass’ are the materials that according to survey 
packaging professionals have the biggest negative impact on the environment (Figure 5.33). At 
the other end of the chart ‘Returnable glass’ and rPET (recycled PET) are the materials that 
participants consider as having smaller impact on the environment. PLA and PHA are not yet 
well established and participants are either unaware of their existence or cannot estimate at this 
point the effect that these materials have on the environment. This is shown by the high 
percentage of ‘Do not know’ replies that these two materials received in comparison to all other 
‘traditional’ packing materials as illustrated in Figure 5.33. By comparing CP replies in Figure 
5.34 with non-CP replies in Figure 5.35 it can be concluded that CP participants’ rate PP and 
LDPE as materials with larger environmental impact and on the other hand ‘Aluminum’ and 
PETG are considered by CP participants as having less impact. 
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5.7 Environmental compatibility of packaging formats 
(Section 6) 
Section 6 of the survey (Figure II.6) requires from the participants to rate the 
environmental friendliness of various well known and widely used packaging types. Once more 
no specific aspect of the packaging is specified and again a holistic approach of the life cycle of 
the packaging is requested. Obviously each packaging format has its own range of applications 
and its own limitations in where it can be used. The quest is not to discover the best packaging 
format that can be used in applications, but rather to see how packaging professionals see and 
rate the different packaging types when it comes down to environmental issues. 
In Figure 5.36 the overall replies to this section are presented. ‘Corrugated shipper’ is the 
format that according to all participants in more environmental friendly, followed by ‘Glass 
bottles,’ ‘Carton boxes,’ ‘Aluminum cans,’ ‘Steel cans’ and ‘Plastic bottles.’ By comparing CP 
replies in Figure 5.37 and non-CP replies in Figure 5.38, we can see that CP participants consider 
‘Aerosol cans’ and ‘Clam shells’ to be more environmental friendly formats and on the other 
hand rate ‘Stand-up pouches’ and ‘Tubes’ as worse for the environment.  
 
Figure 5.36: Estimation over environmental compatibility for various packaging types (All participants) 
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Figure 5.37: Estimation of environmental compatibility of various packaging types (CP participants) 
 
 
 
Figure 5.38: Estimation of environmental compatibility of various packaging types (Non-CP participants) 
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5.8 Parties contribution in improving packaging 
sustainability (Section 7) 
In section 7, nine different parties are suggested to the participants and they are requested 
to rate the level of importance these groups have in improving packaging (Figure II.7). In 
addition, participants have the option to name any other party they feel is important in the 
packaging improvement process. 
‘Consumers’ are according to the survey participants the most important party in making 
packaging more sustainable. ‘Product manufactures’ and ‘Designers’ follow, with a smaller 
percentage of ‘most important’ replies, but with a much bigger rating of ‘important’ replies. 
‘Packaging materials supplier,’ ‘Government’ and ‘Retailers’ have a significant contribution, 
according to participants and the weakest contribution is considered to be the one from 
‘Stockholders,’ ‘Non-Governmental Organizations (NGO’s)’ and ‘Academic Institutes’ (Figure 
5.39). 
The comparison between European and North American participants in Figure 5.40 and 
Figure 5.41 shows how ‘Governmental contribution’ in Europe is considered to be more 
influential and more important in the process of improving packaging sustainability. 
 
Figure 5.39: Importance of different parties in making packaging more sustainable (All participants) 
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Figure 5.40: Importance of different parties in making packaging more sustainable (European participants) 
 
 
 
Figure 5.41: Importance of different parties in making packaging more sustainable (North American participants) 
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Out of the 402 people that completed this section, 70 participants provided input in the 
‘Other parties’ field. By processing their replies the following general categories can be formed 
(Table 5.11):  
Table 5.11: Replies in the field ‘Other parties’ that can make packaging more sustainable 
Individual responses # % 
Media 14 20,0% 
Various Packaging professions 12 17,1% 
Recyclers 11 15,7% 
Alternative material 8 11,4% 
Marketing 6 8,6% 
Children education 3 4,3% 
These are the comments of people suggesting a ‘holistic approach’ for the improvement 
of packaging: “All beings on this planet,” “Each and every one,” “It is important that all work 
together towards sustainable ... You cannot rate them” 
5.9 Actions for Improving Packaging Environmental Impact 
(Section 8) 
In the eighth section of the survey (Figure II.8), participants are requested to evaluate the 
significance of various actions that were proposed to them, in order to improve packaging 
environmental impact, but also to rate their company’s performance regarding these actions. It is 
important to clarify that ‘impact’ can have both positive and negative meaning, but in this 
question negative environmental impact is implied, as the word ‘improve’ suggests. 
5.9.1 Significance of improvement actions 
According to overall replies illustrated in Figure 5.42, ‘Packaging Reduction’ is the most 
significant action in order to improve the environmental impact of packaging. ‘Educating 
packaging professionals is the next most preferred action on the list. ‘Recyclable packaging’ 
meaning packaging that is made from suitable materials and assembled in a way that it can be 
recycled, is slightly more preferable than ‘Recycled packaging’ which refers to packaging that is 
actually produced by recycled material. It is high likely that these two terms were confused and 
that some participants of the survey were not able to differentiate between the two categories. 
Actions like ‘Compostable packaging’ and ‘Squeezable packaging’ were rated as less significant 
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in the process of improving packaging sustainability. Both aspects are very specific and concern 
regions where waste streams lead to composting or to landfill with very limited space. 
One point that should be highlighted is that ‘Removing packaging’ was not on the top of 
the list as one might have expected. According to the waste treatment hierarchy (Figure 3.6) 
‘Remove’ is the most important policy and holds the number one position, followed by ‘Reduce’ 
and ‘Recycle.’ The audit results may have a double interpretation, either packaging professionals 
consider that all packaging elements that they use are a necessity and therefore cannot be 
removed or that the waste hierarchy is not well known, removal is not been fully understood as a 
improvement policy, it is confused with reduce and therefore has been rated as lower than 
expected.  
Very big differences in the prioritization of improvement actions between CP and non-CP 
participants can be observed in Figure 5.43 and Figure 5.44. For CP participants ‘Recyclable’ 
and ‘Recycled packaging’ are the most important actions in improving packaging. On the other 
hand ‘Removing packaging’ is even lower in the list of significance. 
 
Figure 5.42: Significance of actions in improving packaging environmental impact (All participants) 
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Figure 5.43: Significance of actions in improving packaging environmental impact (CP participants) 
 
 
Figure 5.44: Significance of actions in improving packaging environmental impact (Non-CP participants) 
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5.9.2 Company’s performance on packaging improvement  
In Figure 5.45 participants rate their company’s performance in packaging improvement 
actions that were proposed to them. ‘Reduction of packaging,’ ‘Optimization of palletisation’ 
and ‘Recyclable packaging’ were identified as the fields where participants believed their 
company is performing better. On the other hand ‘Compostable packaging,’ ‘Biodegradable 
packaging’ and ‘Returnable packaging’ are the areas were participants rated their company’s 
performance poorly.  
CP participants consider their company to be performing best in the ‘Optimization of 
palletisation, followed by ‘Reducing packaging,’ ‘Recyclable packaging’ and ‘Educating 
packaging professionals’ (Figure 5.46). Comparing with the non-CP replies in Figure 5.47 it can 
be observed that CP participants rate their company’s performance higher in ‘Refillable 
packaging’ and on the other hand ‘Returnable packaging’ is almost at the bottom of CP rating for 
their company’s performance.  
 
Figure 5.45: Company’s performance in improving packaging environmental impact (All participants) 
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Figure 5.46: Company’s performance in improving packaging environmental impact (CP participants) 
 
 
Figure 5.47: Company’s performance in improving packaging environmental impact (Non-CP participants) 
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5.10 End-life of packaging materials at the place you live 
(Section 9) 
In the penultimate section of the survey, an effort is made to record the actual ways of 
disposal at the community of the participants (Figure II.9). By reviewing the participants’ 
comments, it is obvious that the term ‘popularity’ was not the most suitable for this question, 
since some people were confused by the term. The goal was to monitor which are the ways that 
consumers are actually handling packaging waste when the time comes to get rid of it. This 
question’s purpose was not to get a theoretical reply on what people would preferably like to do, 
but a realistic reply on what they are currently doing. It seems that the term popularity allows this 
misunderstanding to occur between the two meanings and therefore in some cases the 
participants’ replies may not represent the input that was initially targeted with this question. 
The consolidated replies of participants for this section are illustrated in Figure 5.48. 
‘Landfill’ is the most common disposal process of packing materials, ‘Recycling’ follows, 
‘Returnable and Reusable packaging’ is in the third position, while ‘Incineration’ and 
‘Composting’ come last. 
 
Figure 5.48: Popularity of various end-life scenarios for packaging materials (All Participants) 
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This question is significantly regional sensitive and therefore a thorough analysis of the 
input data is made per geographical region and per country of the participants (Table 5.1) in 
order to better understand their replies.  
5.10.1 European Region 
Figure 5.49 synopsizes the results for the European region participants. Although the 
European region has a big diversity, the overall picture shows that ‘Recycling’ is by far the first 
option followed by ‘Landfill’ and ‘Returnable/Reusable’ options. 
 
Figure 5.49: Popularity of various end-life scenarios for packaging materials (European Participants) 
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the overall ratings, but when it comes to Sweden (Figure 5.53) it is the most popular process for 
packaging materials.  
 
Figure 5.50: Popularity of various end-life scenarios for packaging materials (Greek Participants) 
 
 
Figure 5.51: Popularity of various end-life scenarios for packaging materials (British Participants) 
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Figure 5.52: Popularity of various end-life scenarios for packaging materials (French Participants) 
 
 
Figure 5.53: Popularity of various end-life scenarios for packaging materials (Swedish Participants) 
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5.10.2 North American Region 
The replies of North American participants regarding the disposal of packaging materials 
at their region are illustrated in Figure 5.54. ‘Landfill’ and ‘Recycling’ are the most popular 
ways of disposition.  
 
Figure 5.54: Popularity of various end-life scenarios for packaging materials (North American Participants) 
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Figure 5.55: Popularity of various end-life scenarios for packaging materials (American Participants) 
 
 
Figure 5.56: Popularity of various end-life scenarios for packaging materials (Canadian Participants) 
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5.10.3 South Pacific Region 
‘Recycling’ is the preferred way of disposition of packaging materials also for the South 
Pacific region, while ‘Incineration’ is the most limited of all, as it can be seen in Figure 5.57. No 
additional analysis was done for replies of this region, due to the small size of the sample. 
 
Figure 5.57: Popularity of various end-life scenarios for packaging materials (South Pacific Participants) 
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Figure 5.58: Popularity of various end-life scenarios for packaging materials (African Participants) 
5.10.5 Asian Region 
Asian replies lead to a more balanced picture between the various disposition options as it 
is illustrated in Figure 5.59. No additional analysis was done for replies of this region, due to 
small size of sample. 
 
Figure 5.59: Popularity of various end-life scenarios for packaging materials (Asian Participants) 
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5.10.6 Latin American Region 
Once more ‘Landfill’ is the dominant disposal process for Latin American participants, 
illustrated in Figure 5.60. No additional analysis was done for replies of this region, due to the 
small size of the sample. 
 
Figure 5.60: Popularity of various end-life scenarios for packaging materials (Latin American Participants) 
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participants, since this piece of information was very important to the overall point of the 
comment. 
1. Materials do not degrade in landfills, so degradable materials are not useful unless broad 
infrastructure can be put in place to separate and deal with compostable. The best strategy 
from a lifecycle perspective continues to be to avoid the packaging in the first place or to 
reduce it. Everything else carries some level of burden. In addition the environmental 
burdens of packaging is very small (albeit visible) in comparison to other human 
activities. 
2. The category returnable/reusable will elicit different responses depending on if the 
respondent is thinking of shipping containers or consumer packaging. 
3. As this topic is very interesting, it would be great if you can share us the research result/ 
just summary in brief, thanks in advance. 
4. What is Sustainable Packaging? 
5. Reuse - reduce - recycle - that's the order of preference. 
6. The final question is misleading by asking the popularity of the end-life. Most things are 
land-filled although it is not very popular. I feel very strongly that until biodegradable 
polymers actually degrade naturally they should be avoided, due to the contamination of 
the recycling streams. You have also omitted rHDPE from the polymer list which is now 
in use in the UK post the proving of its food safety and the building of the infrastructure 
to support it. 
7. This survey was designed for industry and not people in academia. 
8. I'm not at all sure what is meant by "popularity" - it could mean what people like, or what 
people do. I'm rating it as what people like. If you mean what people do, if would be, in 
order, very popular, not applicable, not popular, popular, not popular. 
9. Great survey on a very popular topic. The biggest question in the food packaging industry 
is whether there is any fire to go along with all the smoke.... Good luck with your project 
and completion of the program. 
10. Australia has currently an effective curbside recycling system and Centralized Material 
Recycling Facilities (MRF), the use of compostable or biodegradable packing at this 
stage unless there is an improved identification/education of consumers or MRF's will 
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cause significant contamination of recycling streams. At this stage incineration is not an 
option in Australia, as the current recycling arrangement and also landfill is not critical. 
11. Good survey. Absolute answers on environmental sustainability are hard to come by, 
given that very involved lifecycle analyses need to be carried out on every material and 
process. Thanks. 
12. Strong laws concerning the responsibility for the post-consumed packaging is very 
important to improve packaging sustainability. Reuse, returnable packages and aware 
consumption are key issues for this goal. 
13. Some questions were very difficult to answer. For example the environmental impact of 
the proposed packaging material can be different from one country to another depending 
on the end of life applicable in each EU country. For example if HDPE is incinerated or 
recycled. 
14. Returnable/reusable is a category that has great potential. 
15. Question #9 is not well worded. I interpreted it to mean what end of life is most common 
for packaging in your community. Interesting survey, since I am not a packaging 
manufacturer, I could not answer some of the questions. Also, in the questions that asked 
for impact, it was very difficult to answer without elaborate. Packaging impact compared 
to what -total life cycle of product- or what are the most impactful aspects of a package - 
e.g., materials or transportation. 
16. Building and driving a sustainability culture requires commitment at the leadership level 
and constant reinforcement throughout the entire organization. It also requires that your 
business maintain or grow profitability, make products that still work, at a price that 
consumers will accept. Accomplishing two out of three won't work. Start small on brands 
(dedicate one or two brands or initiatives to being really sustainable and track the 
benefits) and go big internally (prove through our actions as an organization that we 
understand and embrace Sustainability build understanding and credibility). 
17. In Mexico, the culture for recycling or green packaging product is way far from Europe, 
USA or Canada. We really need to do something. We are close to a point of no return. 
Our country can play a very important roll. 
18. It's all a matter of economics and the will of the community to require plans to digest 
packaging waste. To me, almost everything can be recycled with a little effort. 
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19. Please note that while I rated PLA as having an effect on environmental issues, the 
survey questions did not allow for negative or positive impact, only how much impact I 
thought it would have. I believe PLA, like ethanol, is actually worse for the environment 
than using PET or other plastics when looking at total GHG, water usage, and energy 
consumed to create the materials. 
20. I want to receive some feedback of the survey after you finishing it. 
21. By popular I understand that you mean types of end-life preferred by people not they 
exist in more or less quantity. 
22. A well structured questionnaire. Please send me a summary of your findings. 
23. Was a bit unclear if this was targeted only at 'professionals' in packaging (I think it was). 
Not all abbreviations were known to me. My company has a very good sustainability 
strategy (including packaging) which is science-based (lifecycle thinking) and therefore 
not always in favor of solutions like compostable packaging in the short-term; these may 
become actionable in the longer term. 
24. 1st preference will be reuse/return; if it cannot be returnable/reusable then recycling has 
to be considered. After recycling for many times when it cannot be recycled any further 
then incineration / land-filling or construction of road mixed with Tar if the materials are 
thermoplastics. 
25. I believe that returnable and reusable are completely different concepts. Returnable 
mostly equates to CDL and I am yet to be convinced that these schemes are sustainable. 
Reusable generally means that the packaging will get more than one use before it is 
disposed of. I ticked "not applicable" because for Returnable I would vote "Not Popular" 
and for Reusable I would vote "Very Popular" 
26. Sustainable packaging needs to take many associated factors into consideration, LCA can 
be used as the screening tool for comparison. The appropriated choice depends on other 
factors too and cannot be the same for every country due to differences in waste 
management and capability. The most importance for Packaging Professionals is 
designing right packaging to balance all packaging requirements including sustainability. 
27. Incineration and/or Energy from Waste are not yet agreed as appropriate alternative 
disposal methods in Australia. Hopefully this will be reviewed in the near future as the 
technology improves. 
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28. It would have been nice to include one question to ask from where the respondent is 
coming from. Regional and national differences might influence the results. 
29. Popularity is a difficult concept with a definition. 
30. I appreciate the concerns and the reason for which the survey is being done. I guess the 
time has come for each packaging professional to look in totality on the actions being 
taken w.r.t. to right selection of the packaging material and its application. 
31. My answers would change dramatically in the survey if there were excellent recycling 
facilities available in all communities. It is a problem that many items are hard to recycle. 
Reducing, removing, and optimizing palletisation are excellent and also cost savers. But 
these are not enough...to explore new options R&D is required and that will cost money 
....how can the companies that are investing in this survive? 
32. This is a very good survey, but it should be send to governors, city mayors, TV stations. 
etc. as well 
33. The answers to section number 6 really depend upon which materials each of the package 
type are made from. I made some assumptions, but changes to my assumptions would 
significantly affect my answers. 
34. The environmental impact of packaging can only be assessed in the context of the 
product, the supply chain and the end-users' needs. I don't think any packaging material 
has a monopoly of environmental virtues. 
35. People or companies will only adopt Sustainable solutions when they come at equal or no 
cost increase to the popular alternative. Education of people developing supply chain 
strategies will help to slowly make a company start to choose options that will increase 
sustainability, but this will only happen quickly when a large format change occurs. 
Example of this is Ultra concentrate strategy of liquid laundry detergent in US, where 
suddenly there is a realization that shipping less water means less trucks and packaging. 
The market has to all agree to shift at the same time in order for the sustainable packs to 
been sustained in use. 
36. Awareness is really increasing on this Subject. Look for more results in next few years 
37. When talking sustainability and green, they are really different subjects. The only "green" 
that major corporations are concerned with is the green on the money their stockholders 
can put in their pockets. The only thing they care about being sustainable is the profit 
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stream that creates that green! Unfortunately neither one has a positive impact on the 
environment. 
38. I would support incineration, but it is definitely frowned upon where I live. 
39. Some areas of the survey were a bit confusing - it would help if you explained if the 
impact on the environment answer you were looking for was a "positive impact" or 
"negative impact." 
40. Creating packaging that is sustainable on an environmental, social and economic level is 
key to providing value to the consumer, maintaining the competitive edge and adhering to 
current regulations. As for the survey, it is good to know that someone like you, not only 
me, is thinking the environmental impact of using artificial packaging instead of natural 
packaging. 
41. In our area consumers are trying to be more sustainable, but are finding it difficult to find 
collection/re-use streams for all recyclable items. 
42. In the previous slide NA should have been an option. Good job on the survey! 
43. I was surprised that the raw materials sourcing, especially use of renewable or plentiful 
resources instead of scarce resources was not a prominent concept of sustainability, and 
that disposal options were such a prominent definition of what made something 
sustainable. 
44. My overall opinion is that packaging has a very small part to play in sustainability & that 
it's high consumer visibility means that it will be at the top of the agenda of anyone with a 
point to make. To improve sustainability, we should put most resources where they will 
have high impact, not low impact. 
45. I work in educating the industry and public about sustainability of the whole supply chain 
not just recycling. My company works on packaging issues we do not produce packaging. 
46. We need the commitment from the upper management to go green; nowadays it is more 
important to look good that protect the environment. In Mexico we need to put more 
weight in the bottle to avoid deformation with difference on height pressure 
47. Incineration and composting are still under utilized in Canada as compared to some 
European countries. My impression is that we can learn from Europe, but this knowledge 
base is underutilized. As I am a resident Eastern Canada, my opinions as expressed will 
be significantly different from others in other Canadian regions which, due to distances 
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and climate, do not have the infrastructure now to deal with recycling and reuse. I suspect 
this comment applies also to differing USA Regions. 
48. I am fanatical about sustainability and the whole life cycle must be considered. Academia 
are working hard to provide alternative ways to prevent global warming -CO2 removal, 
less to landfill, more incineration with renewable energy, better central collection 
facilities. I could go on for hours. 
49. To be effective, sustainable packaging should be effortless for the consumer to adopt. 
50. Awareness among people is very mixed since politicians come in all variety and have 
poor influence on public -of course depending on denomination. Unless politicians across 
the board agree to clean up the environment, it is very difficult for society as a whole to 
leapfrog to the next level. Hence environmental sustainability will be painfully slow! 
51. The questions are not well designed: you force answers in terms that you consider 
meaningful but which are highly misleading, e.g., "significant" can mean significantly 
good or significantly bad. Your button check answers do not permit such polar-opposite 
distinctions. Your survey should be reworked or the results are not meaningful, and will 
fail the test of scientific objectivity. You are fortunate I am not on your thesis committee. 
This last page is also highly ambiguous. What do you mean by "popular"? Popular with 
whom? Do you expect me to have taken a poll? If I interpret it to mean "what sort of 
ending do packaging materials actually experience around here, where I live?" You get 
one answer. If I interpret is as a popularity contest, its back to the polling question. In 
either case, it's difficult to see what merit this set of questions has, since you do not 
control the location of the respondents. 
52. In my opinion it is the energy used that is often more harmful to the environment than the 
tangible/litter aspects of the packaging. To have the most profound impact on 
sustainability, reuse/return/refill is our best option. It is naive to think that mankind will 
dial back its needs for the package to sell brands, aid in the containment and dispensing to 
an animal skin sack. Man will always want packaging to do more for them. Thus, 
extending the packaging usefulness is a better direction than striping away its 
functionality. 
53. I think there will be confusion on the terms that may overlap in meaning. e.g. refillable 
vs. reusable, and biodegradable vs. compostable. 
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54. I believe that one of the things that are missing, so that sustainable packages succeed, is 
to create an environmental conscience and culture in all the people, to educate them, not 
only the ones that design or produce the packages. 
55. Our town in particular has a very high recycling rate / participation rate + a recycling 
center for electronics and other items. Also the State of Michigan has a $.10 deposit on 
many beverage containers, leading to a very high rate of returnable packaging vs. most 
other states. 
56. Back to that page regarding who is influential, we need to educate the consumers on what 
really is "green" and have the retailers back that up. For example is a lightweight PET 
bottle that is 100% recyclable better for a refill than a non-recyclable pouch that is lighter 
weight? I would think the bottle because it doesn't go in a landfill. I bet the consumer 
would say the pouch because it uses less plastic. Who is right? We need to truly 
understand what is "green" and then educate our consumers. Once the consumer buys in, 
we can then convince our Marketing groups who are always pushing for the bigger shelf 
impact (usually not most efficient) package. 
57. You should also ask what product group my company deals with. I rated my company 
"Bad" on a number of items however regulatory requirements for medical devices dictate 
we use certain materials. 
58. Bio Polymer and Biodegradables/Degradables actually are worse for the environment in 
their current forms. PLA for example contaminates PET recycling. Also, Land used for 
Biopolymer/biofuel production takes away from Food supply and actually releases more 
GHGs than made up for in end use. As Packaging professionals, we must educate people 
and manage the emotional side of the issue. 
59. Some terms are "unknown" (PU, clamshell, etc.) Concerning environmental friendly, all 
is related on what "disposal means" are available, i.e. collection and recycling of 
materials (in Italy=0), in having correctly working incinerators (in Italy =0), in people 
littering country side, yes or no (in Italy around 90%), etc... 
60. Just looking at minimizing packaging is likely to cause a sub-optimization, and loss of 
very valuable consumer goods. 40-50% of all food purchased in the US is wasted, partly 
due to poor packaging, or too big packs. Smarter packaging can reduce that figure! 
61. Governments should just ban/legislate against environmentally damaging packaging. 
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62. It is impossible to rate the environmental performance of a material as such. This is a big 
mistake that is often made, taking just the material into account and not the complete 
application, which turns out in some environmentally absurd application of "green" 
materials like PLA. It is also clear that some packaging attributes will have a more 
significant impact on the environmental performance of a package, depending on e.g. the 
waste management policies in place in the country were the packaging is produced or 
disposed of. In Switzerland, were most packages are either recycled or incinerated, 
biodegradability and compostability will not have a significantly positive impact whereas 
it might have in countries were landfill is the main scenario. Additionally, when it comes 
to recycling, degradable materials entering the recycling stream might have tremendous 
negative impact, e.g. PLA in the PET recycling were less than 0.1% will significantly 
deteriorate the properties of r-PET. Your survey is a good initiative but these aspects 
should really be taken into account when analyzing the results. 
63. Am very surprised at the lack of guidance with regard to packaging and the environment, 
optimizing packaging, reducing waste and their goals to achieve. Not only in regard to 
my own employers, but also from national campaign groups (such as WRAP). 
64. The paragraph 9 refers to Greece. You will see that I have added some 'strange' ratings.’ 
The reason for this is that 1. For the question about how friendly is the pack to 
environment it is not clear if this question refers to an environment with recycling system 
or not. 2. The answers are indicative for my Company's performance. 
65. Nowadays, a Packaging and Processing Company should make Easy-to-use Packaging 
instead of Traditional Packaging we done in the past. We have to remove old ideas from 
our memories and have to look forward for make Packaging sustainable and customer 
acceptable as well. "Create Idea! Look forward, Don’t see back" 
66. You have focused your survey solely on the Packaging, but in the real world many 
decisions are trade-offs and are not as simple as you suppose. For example, a glass bottle 
can be better or worse than a plastic one depending upon the distance between the 
consumer, collection and production point. There are many similar examples. With 
regard to one material being better than another is also subjective, depending upon the 
infrastructure existing. There are many recyclable packaging materials (e.g. PP is one) 
that are generally not recycled, although they could be. This is because there is no 
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infrastructure existing. Think about all the PP caps in use today. To my knowledge none 
are recycled. You also take no account of littering, which in many countries, especially 
the developing world (I live in Asia) is a time bomb - an ecological disaster waiting to 
happen. 
67. What are you asking? What is available or what people want? 
68. If companies like Colgate would quit making, packaging and marketing all those 
unnecessary personal care items, much packaging would be saved 
69. The questions could lead to some misinterpretation... For instance, "environmental 
impact" is that a good or bad statement? Or does it reflect market conditions? For 
example, PLA may have little real impact on the environment (low impact), but it might 
have a larger than life impact in the marketplace due to miss-perceptions. 
70. Your questions regarding impact are flawed. You can say toxic or non-toxic, but can't say 
something is "Bad" or "Good." A non recyclable stand-up pouch is way better than a non-
recycled glass jar. It's lighter by a HUGE amount - so uses less fuel to move at all points 
of the process. BUT the glass jar IS recyclable endlessly. Plus could be the core of a refill 
program, in which case the weight isn't an issue - you're going to the store anyway. 
71. I'm lucky that the community I live in supports multi-stream recycling and even gives 
away a limited number of home-composting bins. On the consumer side, I would like to 
see more effort made in community communications about end-of-life scenarios (PSAs, 
etc). Professionally, I think composting and biodegradable are terms that are being used 
without proper consideration for the truth of them (and helping consumers understand the 
difference between home compostable and commercial compostable, for example). Most 
important to me is reduction of material, concentrates, etc. 
72. We are a non-profit so some of the questions were N/A, though I couldn't answer them 
that way. 
73. It is difficult to almost impossible to rate packaging containers without a frame of 
reference. What are we rating them compared to? Each other? The application for 
packaging? Location of production? There are so many different things to consider when 
rating the containers that you didn't account for or explain. I therefore chose to make it 
blank. 
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CHAPTER 6 COMPARISON OF POLYMER MATERIALS 
USED FOR CONTAINER PRODUCTION 
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6.1 Material Comparison Overview 
6.1.1 Scope 
One of the questions of the Packaging Sustainability Awareness survey presented in 
Chapter 5, invited participants to provide their personal opinion for the overall environmental 
impact of various materials used for packaging (Figure II.5). In this chapter an attempt will be 
made to throw some light on the environmental impact of different materials. This will be done 
by making simple comparison using LCI data from different libraries, for various stages of the 
lifecycle of different polymers widely used for the production of rigid plastic containers and 
bottles.  
6.1.2 Polymer materials and processes under consideration 
The materials that are compared in this investigation are the following polymers that are 
used for the production of rigid plastic containers: 
 HDPE 
 PET 
 PP 
 PVC 
In section 6.6 an additional material will be added to this comparison exercise. It is PLA 
the most know representative at this moment of biopolymers. 
In the analysis that was performed, the full lifecycle of the product was not considered. 
On the contrary, break down of the full lifecycle was done in order to monitor smaller single 
stage processes by limiting the system boundaries for each investigation. Some of the life cycle 
stages that were studied are: 
 Production of the raw polymer materials 
 Conversion of polymers into bottles with various production processes 
 Different means of transportation 
 Disposal through sanitary landfill 
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 Recycling of the materials 
 Incineration of the materials 
Table 6.1: Consolidation of all material comparisons 
Comparison LCI 
(Comparison method) 
Single Score Damage Assessment 
Different production processes of PVC EcoInvent v1.3 
IDEMAT 2001 
Industry Data 2.0 
Figure 6.1 
Figure 6.2 
Figure 6.3 
  
Production process of different polymers 
 (Table 6.2) 
EcoInvent v1.3 
BUWAL 250 
ETH-ESU 96 
IDEMAT 2001 
Industry Data 2.1 
Figure 6.5 
Figure 6.7 
Figure 6.9 
Figure 6.11 
Figure 6.13 
Figure 6.4 
Figure 6.6 
Figure 6.8 
Figure 6.10 
Figure 6.12 
Production process of polymers and biopolymers EcoInvent v2 Figure 6.15 
Figure 6.16 
Figure 6.14 
Different molding processes EcoInvent v1.3 Figure 6.18 Figure 6.17 
Sanitary landfilling of different polymers EcoInvent v1.3 
BUWAL 250 
Figure 6.20 
Figure 6.22 
Figure 6.19 
Figure 6.21 
Incineration of different polymers EcoInvent v1.3 
BUWAL 250 
Figure 6.24 
Figure 6.26 
Figure 6.23 
Figure 6.25 
Recycling of different polymers EcoInvent v1.3 
BUWAL 250 
Figure 6.28 
Figure 6.30 
Figure 6.27 
Figure 6.29 
Swiss end-life scenario for different polymers BUWAL 250 Figure 6.32 Figure 6.31 
Bottle production with different materials Franklin USA 98 Figure 6.34 Figure 6.33 
Different means of transportation EcoInvent v1.3 Figure 6.36 Figure 6.35 
Various stages of lifecycle 
(all data from EcoInvent v1.3) 
for HDPE 
for PET 
for PP 
for PVC 
Figure 6.37 
Figure 6.38 
Figure 6.39 
Figure 6.40 
 
Different comparison methods 
(all data from EcoInvent v1.3) 
(Ecoindicator 95) 
(Ecopoints 97) 
(EDIP-UMIP 97) 
(EPS 2000) 
(IMPACT 2002+) 
Figure 6.41 
Figure 6.42 
Figure 6.43 
Figure 6.44 
Figure 6.45 
  
At this point it is very important to highlight that for all comparisons that follow -which 
are synopsized in Table 6.1- the same quantity of material mass (1kg) has been considered. 
Naturally, bottles made from different materials are produced with unequal quantities of 
polymer. The quantity of material needed varies due to the differences in the physical attributes 
and durability between the polymers, due to different loss levels during various production stages 
of the different polymers, but also due to the bottle shape limitations per polymer that do not 
allow to have the same container for all different materials. The target for this exercise is not to 
make comparison between actual bottleshapes made from different materials. The goal is to 
identify the differences between the different materials by using common quantities of materials 
for the comparison. 
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6.2 Inventory datasets and assessment methods 
Data from different LCI databases were processed by different comparison methods of 
the SimaPro software. A small presentation of the libraries and of the damage assessment 
methods used for the polymer comparison exercise are presented below. 
6.2.1 LCI libraries 
The following LCI data libraries of the SimaPro software were considered in this 
investigation. 
6.2.1.a EcoInvent v1.3 - Compiled June 2007 (Unit Processes) 
The Swiss center for Life Cycle Inventories has combined and extended different LCI 
databases. The goal of this project was to provide a set of unified and generic LCI data of high 
quality. The data are mainly investigated for Swiss and Western European conditions. The 
EcoInvent database contains more than 2500 datasets of products and services from the energy, 
transport, building materials, chemicals, pulp and paper, waste treatment and agricultural sector. 
The Unit Library (indicated by a U behind the process name) contains processes, which show the 
specific inputs and outputs and have links to other processes. On the other hand System Library 
(indicated by S) contains the calculated inventory results of processes and do not contain 
uncertainty data. Both unit and system processes give the same result; occasionally there is a 
very minor difference due to rounding errors. An example of input and output data coming from 
EcoInvent database can be seen in Table IV.1. 
6.2.1.b BUWAL250 
BUWAL stands for ‘Bundesamt für Umwelt, Wald und Landschaft’ which is the Swiss 
Federal Office for the Environment, Forest and Landscape. BUWAL together with the Swiss 
Packaging Institute (SVI - Schweizerischen Verpackungsinstitut) are the co-authors of the 
inventory of this database made by EMPA. The inventory includes emissions from raw material 
production, energy production, production of semi-manufactures and auxiliary materials, 
transports and the production process of the materials. These are based on the Swiss 
consumption of packaging materials and the imports and exports of materials, the origin of raw 
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materials and the use of energy and electricity are therefore primarily determined by the Swiss 
situation. Energy systems are based on ETH data, without capital goods, plastics data are based 
on PWMI data. An example of input and output data coming from BUWAL250 database can be 
seen in Table IV.2. 
6.2.1.c ETH-ESU 96 (Unit Processes) 
These Inventory data are for Swiss and the Western European energy supply situation 
concerning production and imports of fossil and fissile fuels, production and trade of electricity, 
including emissions from primary energy extraction, refining and delivery, mineral resource 
extraction, raw material production, production of semi-manufactures, auxiliary and working 
materials, supply of transport and waste treatment services, the construction of infrastructures 
and energy conversion and transmission. The data cover the Swiss and Western European 
situation. Hereby the Swiss situation and life cycle inventory data is sometimes used to 
approximate an average European situation. Unit processes (U) have links to other processes and 
System processes (S) contain calculated inventory results. 
6.2.1.d IDEMAT 2001 
This database has been developed at Delft University of Technology, department of 
industrial design engineering, under the IDEMAT project. The focus is very much on the 
production of materials. The data is mostly original (not taken from other LCA databases), and 
comes from a wide variety of sources. It contains LCI for the production of the subject under 
consideration, including mining, concentration and processing in case of minerals, or harvesting 
and processing in case of agricultural materials. In general the average world situation is 
accounted for, because individual companies or persons are not able to select a specific history of 
materials. They have only influence on a small part of the resource system. Accordingly the 
transport is allocated to the world mining and production of the resources with Rotterdam as 
final destiny. Recycling of secondary material is taken into account according to the average 
situation in Western Europe. The system boundary covers all processes back to the natural 
system. 
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6.2.1.e Industry Data 2.0 
This library contains data as collected by various industry associations, such as Plastics 
Europe. The database contains mostly cradle to gate data. 
6.2.1.f FRANKLIN USA 98 
This database contains inventory data for North American materials, energy and transport 
(late 1990's). The library is mostly based on a variety of public and private USA statistical 
sources, reports, and telephone conversations with experts. 
6.2.2 Impact assessment methods 
The LCI data coming from the databases that have been just presented were analyzed 
with the use of various impact assessment methods. All methods that were used in this exercise 
were endpoint methods. More information about the impact categories for both the endpoint 
methods presented below, but also for midpoint methods can be found in Table III.1 and Table 
III.2 in Appendix III. 
6.2.2.a Ecoindicator 99 v2.04 
The vast majority of comparisons of this investigation were made by using the egalitarian 
version (E) of Eco-indicator 99 v2.04 (Europe EI 99 E/E). Three are the damage categories for 
this comparison method where normalization and weighing are performed at damage category 
level (endpoint level in ISO terminology): 
 Human Health (HH) expressed in DALY (Disability adjusted life years) units. 
Disabilities caused by diseases are weighed. 
 Ecosystem Quality (EQ) expressed in PDF*m2yr units (PDF=Potentially Disappeared 
Fraction of plant species). 
 Resources (R) expressed in MJ surplus energy units representing the additional energy 
requirement to compensate lower future ore grade. 
Eco-indicator 99 has a damage assessment step. This means that the impact category 
indicator results that are calculated in the characterization step are summed to form damage 
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categories. Summing without weighing is justified here because all impact categories that refer to 
the same damage type (like human health) have the same unit (for instance DALY). This 
procedure can also be interpreted as grouping. 
6.2.2.b Ecoindicator 95 v2.03 - Europe e 
The Eco-indicator 95 method was developed under the Dutch NOH program by PRé 
consultants in a joined project with Philips Consumer Electronics, NedCar, Océ Copiers, 
Schuurink, CML Leiden, TU-Delft, IVAM-ER (Amsterdam) and CE Delft. This method is NOT 
fully adapted for inventory data from the EcoInvent library and the USA Input Output Database 
98, and therefore omits emissions that could have been included in impact assessment. The 
characterization conforms to the CML guide; however the toxicity scores are specified into 
heavy metals, carcinogenic substances, pesticides and winter smog. Normalization is based on 
1990 levels for Europe excl. former USSR. In Europe e missing data was extrapolated using 
energy use. The Europe e normalization is used in the Eco-indicator method. 
Weighting is based on distance to target. Criteria for target levels are: 
 One excess death per million per year 
 5% ecosystem degradation. 
 Avoidance of smog periods  
6.2.2.c Ecopoints 97 (CH) v2.04 – Ecopoints 
The Swiss Ecopoints 1997 (environmental scarcity) is an update of the 1990 method, 
based on actual pollution and on critical targets that are derived from Swiss policy. This method 
is not fully adapted for inventory data from the USA Input Output Database 98, and therefore 
omits emissions that could have been included in impact assessment.  
6.2.2.d EDIP/UMIP 97 v2.03 - World/Dk 
The EDIP method (Environmental Design of Industrial Products, in Danish UMIP) was 
developed in 1996 by the Institute for Product Development of the Technical University of 
Denmark. This method is not fully adapted for inventory data from the EcoInvent library and the 
USA Input Output Database 98, and therefore omits emissions that could have been included in 
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impact assessment. It includes characterization, normalization and weighting of the inventory 
data. 
6.2.2.e EPS 2000 V2.02 method 
EPS stands for Environmental Priority Strategies in product design. This method is not 
fully adapted for inventory data from the EcoInvent library and the USA Input Output Database 
98, and therefore omits emissions that could have been included in impact assessment. The EPS 
system is mainly aimed to be a tool for a company's internal product development process. The 
impact categories are identified from five safe guard subjects: human health, ecosystem 
production capacity, abiotic stock resource, biodiversity and cultural and recreational values 
[78]. 
6.2.2.f IMPACT 2002+ V2.03 
IMPACT 2002+ is mainly a combination between IMPACT 2002, Eco-indicator 99, 
CML and IPCC [79]. 
6.3 Methodology  
Before proceeding with the presentation of the results, it is important to explain the 
process that has been followed for conducting the calculations. Appendix IV contains two 
examples of raw LCI data coming from two different LCI databases. The data presented refer to 
the production process of 1kg of each of the four polymer materials of this investigation -HDPE, 
PET, PP and emulsion polymerized PVC. ‘EcoInvent v1.3’ inventory data are presented in Table 
IV.1 and ‘BUWAL250’ in Table IV.2. The tables contain all substances and their corresponding 
quantities for the inputs and outputs of the production process for the four raw materials. As it 
can be observed, each LCI database goes into different depth of detail for the substances linked 
to the production process. For ‘EcoInvent v1.3’ the table of inventories (Table IV.1) consists of 
1001 different substances, while for ‘BUWAL250’ the table of inventories for the same 
production processes contains only 83 substances (Table IV.2). The number of substances for the 
same processes were 392 for ‘ETH-ESU 96’database (processed data shown in Figure 6.8 and 
Figure 6.9), 88 for ‘IDEMAT 2001’ (Figure 6.10 and Figure 6.11) and 185 for ‘Industry Data 
2.0’ (Figure 6.12 and Figure 6.13). Each LCI database categorizes substances into its own system 
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of compartments and sub-compartments depending on the area of impact for each substance. The 
raw inventory data of Table IV.1 and Table IV.2 are then processed by using an impact 
assessment method. In most of the cases this was the ‘Ecoindicator 99’ method, which 
categorizes substances coming from LCI data (such as Table IV.1 and Table IV.2) into general 
damage categories presented in Figure 6.4 and Figure 6.6. Additionally since ‘Ecoindicator 99’ is 
an end-point comparison method, it weighs and normalizes damage impact of processes into a 
single score rating as presented in Figure 6.5 and Figure 6.7. Different comparison methods 
make different type of categorization as it can be seen in Figure 6.41, Figure 6.42, Figure 6.43, 
Figure 6.44 and Figure 6.45, where different impact assessment methods are used for the same 
inventory data coming from Table IV.2. All calculations have been made by using the SimaPro 
ver.7.1.3 Life Cycle Assessment (LCA) software. 
6.4 Comparison of different production processes of PVC 
The importance of the correct selection of LCI data will be illustrated in all the 
comparisons that will be made throughout this chapter, starting from this first example 
concerning the production of PVC material. A comparison of damage data for different 
production processes of PVC will be made, in order to indicate how different processes lead to 
different overall impact. The processes that are employed for the manufacture of PVC are the 
following:  
 Suspension polymerization 
 Emulsion polymerization 
 Bulk polymerization 
 Solution polymerization 
All four processes are based on free-radical polymerization of vinyl chloride monomer, 
using initiators such as organic peroxides. In 1980 the total world PVC production capacity was 
16 million tons and out of these four different polymerization processes, three were mainly used 
for the commercial production of PVC: suspension polymerization (provided 82% of world 
production), emulsion polymerization (10%) and mass polymerization (8%), also called bulk 
polymerization. The split varies for different regions, for example in the US the split per 
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technology was at the time 80%, 10% and 10% whereas in the West Germany the split was 60%, 
28% and 12% [80].  
The level of environmental impact varies and is linked to the process that is followed for 
the production of PVC. In this section damage assessment data from three different LCI libraries 
are compared for the aforementioned three -most commercially used- PVC production processes. 
Similar tables of substances as the ones shown in Appendix IV for the three selected PVC 
polymerization process, coming from different LCI databases, were produced. The inventory 
data were processed by using the ‘Eco-indicator 99’ impact assessment method. In Figure 6.1 
processed data from the ‘EcoInvent v1.3’ LCI database are illustrated, Figure 6.2 contains data 
from ‘IDEMAT 2001’ and Figure 6.3 contains data from the ‘Industry Data 2.0’ database. In 
Figure 6.1 additionally to the three polymerization processes -suspension, emulsion and mass-, 
the average European PVC production mix of the three different PVC processes is illustrated. 
The comparison between the three charts clearly indicates that for the processed data of 
all three LCI libraries, the emulsion polymerization production process of PVC has the biggest 
negative impact of all. On the other hand, the comparison between bulk and suspension 
polymerization by using processed data from the different inventory libraries leads to 
controversial results, since impact ranking varies between the different sources of data. 
According to ‘EcoInvent v1.3’ (Figure 6.1) bulk polymerization has the least total impact, 
according to ‘IDEMAT 2001’ (Figure 6.2) suspension has a slightly smaller impact than bulk 
polymerization and finally, according to ‘Industry Data 2.0’ data, suspension polymerization has 
the smallest total impact (Figure 6.3). 
This example clearly indicates the importance of the correct selection of data when 
conducting a Life Cycle Assessment analysis. Not all data can be applied to all instances. Each 
database has been created by using different hypothesis under different conditions, for different 
geographical areas that may refer to different periods of time. Knowing these assumptions and 
restrictions is very important, in order to be able to make the correct selection of data depending 
on the specificity of each project. 
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Figure 6.1: Single score comparison of ‘EcoInvent v1.3’ damage data for 1 kg of PVC produced with different processes: (1) bulk 
polymerized, (2) emulsion polymerized and (3) suspension polymerized and (4) average European PVC mix out of the three 
different PVC types (suspension, emulsion, bulk). (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E 
method) 
 
 
Figure 6.2: Single score comparison of ‘IDEMAT 2001’ damage data for 1 kg of PVC produced with different processes: (1) bulk 
polymerized, (2) emulsion polymerized and (3) suspension polymerized. (LCI data were weighted with the Eco-indicator 99 (E) 
v2.04/Europe EI 99 E/E method) 
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Figure 6.3: Single score comparison of ‘Industry Data 2.0’ damage data for 1 kg of PVC produced with different processes: (1) bulk 
polymerized, (2) emulsion polymerized and (3) suspension polymerized. (LCI data were weighted with the Eco-indicator 99 (E) 
v2.04/Europe EI 99 E/E method) 
6.5 Comparison of polymers production processes 
After the analysis of different production processes for a single polymer material (PVC), 
the investigation is extended to more materials. In this section the production process of four 
widely used polymers for packaging is compared; by using data coming from different libraries. 
Since in the previous section emulsion PVC polymerization was proven to be the process with 
the biggest negative impact, this production process has been selected in all libraries where the 
PVC polymerization process could be specified.  
Both the damage assessment per impact category and the single score damage data 
according to the ‘Eco-indicator 99’ for the production process of HDPE, PET, PP and PVC for 
four different LCI databases follow. Figure 6.4 and Figure 6.5 illustrate processed data from the 
‘EcoInvent v1.3’ database (Table IV.1), Figure 6.6 and Figure 6.7 from ‘BUWAL 250’ (Table 
IV.2), Figure 6.8 and Figure 6.9 from ‘ETH-ESU 96’ and finally Figure 6.10 and Figure 6.11 
from ‘IDEMAT 2001.’ 
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Figure 6.4: Damage assessment per impact category using ‘EcoInvent v1.3’ data for producing 1 kg of: (1) HDPE, (2) PET, (3) PP 
and (4) emulsion polymerized PVC. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
 
 
Figure 6.5: Single score comparison of ‘EcoInvent v1.3’ damage data for producing 1 kg of: (1) HDPE, (2) PET, (3) PP and (4) 
emulsion polymerized PVC. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
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Figure 6.6: Damage assessment per impact category using ‘BUWAL 250’ data for producing 1 kg of: (1) HDPE, (2) PET, (3) PP and 
(4) PVC. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
 
 
Figure 6.7: Single score comparison of ‘BUWAL 250’ damage data for producing 1 kg of: (1) HDPE, (2) PET, (3) PP and (4) PVC. 
(LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
0
10
20
30
40
50
60
70
80
90
100
Carcinogens Respiratory 
organics
Respiratory 
inorganics
Climate 
change
Radiation Ozone layer Ecotoxicity Acidification/ 
Eutrophication
Land use Minerals Fossil fuels
%
BUWAL250 HDPE B250 PET bottle grade B250 PP granulate average B250 PVC B250
0
50
100
150
200
250
300
350
HDPE B250 PET bottle grade B250 PP granulate average B250 PVC B250
m
Pt
BUWAL250 Human Health Ecosystem Quality Resources
 265 
 
Figure 6.8: Damage assessment per impact category using ‘ETH-ESU 96’ data for producing 1 kg of: (1) HDPE, (2) PET, (3) PP and 
(4) PVC. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
 
 
Figure 6.9: Single score comparison of ‘ETH-ESU 96’ damage data for producing 1 kg of: (1) HDPE, (2) PET, (3) PP and (4) PVC. 
(LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
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Figure 6.10: Damage assessment per impact category using ‘IDEMAT 2001’ data for producing 1 kg of: (1) HDPE, (2) PET, (3) PP 
and (4) emulsion polymerized PVC. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
 
 
Figure 6.11: Single score comparison of ‘IDEMAT 2001’ damage data for producing 1 kg of: (1) HDPE, (2) PET, (3) PP and (4) 
emulsion polymerized PVC. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
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Table 6.2 synopsizes the results of the single score charts of the production for the four 
materials according to the selected LCI libraries. All libraries that were used for this comparison 
are in agreement on the following points: 
 The production of PVC presents the smallest overall impact according to the ‘Eco-
Indicator 99,’ even when the polymerization process with the biggest impact (emulsion 
polymerization) is selected compared to the same quantity of the other three polymers. 
 PVC requires less ‘Resources’ for its production. Since ‘Resources’ have the highest 
contribution in the total rating of the examined production processes, this results to PVC 
having the smallest overall impact. 
 PET is the polymer that requires the most resources for its production. 
The above points are the only ones where the four LCI libraries are in agreement. As seen 
in Table 6.2 there was no other point of agreement between the four different libraries that were 
selected for the comparison of the production process of the four polymer materials.  
Table 6.2: Materials ranking per category (1=smallest negative impact, 4=highest negative impact) for the production of the same 
quantity of polymer according to different LCI datasets 
LCI dataset Rank Human Health Ecosystem Quality Resources Overall 
EcoInvent v1.3 
(Figure 6.5)  
1 
2 
3 
4 
PET 
PP 
HDPE 
PVC 
PP 
HDPE 
PVC 
PET 
PVC 
PP 
HDPE 
PET 
PVC 
PP 
PET 
HDPE 
BUWAL 250 
(Figure 6.7) 
1 
2 
3 
4 
HDPE 
PP 
PVC 
PET 
HDPE 
PP 
PVC 
PET 
PVC 
PP 
HDPE 
PET 
PVC 
PP 
HDPE 
PET 
ETH-ESU 96 
(Figure 6.9) 
1 
2 
3 
4 
HDPE 
PVC 
PET 
PP 
HDPE 
PET 
PVC 
PP 
PVC 
HDPE 
PP 
PET 
PVC 
HDPE 
PET 
PP 
IDEMAT 
(Figure 6.11) 
1 
2 
3 
4 
HDPE 
PP 
PVC 
PET 
HDPE 
PP 
PVC 
PET 
PVC 
HDPE 
PP 
PET 
PVC 
HDPE 
PP 
PET 
In Figure 6.12 and Figure 6.13 a fifth library -‘Industry Data 2.0’- is introduced for the 
comparison of the production of the four different polymeric materials. As it is illustrated in 
Figure 6.13, PVC (regardless of the polymerization process) still remains the polymer requiring 
the least resources for its production and PET production the most demanding in resources, but 
the overall rating of the materials is different. According to the ‘Industry Data 2.0’ library, PVC 
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presents the largest overall impact versus the other three polymers. This is clearly driven by the 
‘Human health’ impact element which for this library has a dominant contribution to the overall 
score of the PVC production process (Figure 6.13). Once more the importance in the selection of 
datasets in an evaluation exercise is proven. Different set of data may lead to controversial 
results. 
 
Figure 6.12: Damage assessment per impact category using ‘Industry Data 2.0’ for producing 1 kg of: (1) HDPE, (2) PET, (3) PP, (4) 
bulk polymerized PVC, (5) emulsion polymerized PVC and (6) suspension polymerized PVC. (LCI data were weighted with the Eco-
indicator 99 (E) v2.04/Europe EI 99 E/E method) 
 
 
Figure 6.13: Single score comparison of ‘Industry Data 2.0’ damage data for producing 1 kg of: (1) HDPE, (2) PET, (3) PP, (4) bulk 
polymerized PVC, (5) emulsion polymerized PVC and (6) suspension polymerized PVC. (LCI data were weighted with the Eco-
indicator 99 (E) v2.04/Europe EI 99 E/E method) 
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6.6 Comparison of polymers and biopolymers production 
processes 
Biopolymers are considered by many as a sustainable packaging solution. These 
materials are relatively new in the market; therefore available LCI data are very limited. Until 
recently EcoInvent database did not contain any data for biopolymers production process. The 
latest version of the LCI database -version 2.0- released in November 2007 has some limited data 
for biopolymers, such as modified starch and PLA.  
In Figure 6.14, Figure 6.15 and Figure 6.16 a comparison is made between PLA, PET -its 
fossil fuel rival- and PVC -the material that has received great attention lately about its negative 
effects on human health and the environment. The production comparison for the three materials 
shows that overall PLA causes the biggest impact, primarily due to its negative effects on 
‘Ecosystem Quality.’ Taking a closer look at the impact categories in Figure 6.14 and Figure 
6.16 it is observed that PLA has a bigger impact on the ‘Ecosystem Quality’ basically due to the 
‘Land Use’ required for the corn production, whereas for the two fossil fuel materials this factor 
is minimum. On the other hand, since PLA is produced from biomass, the ‘Fossil Fuels’ 
consumption during its production is only for energy and transportation activities. Therefore 
Fossil Fuel consumption is much lower for PLA versus PET and PVC, where fossil fuels are the 
main production raw material. 
 
Figure 6.14: Damage assessment per impact category using ‘EcoInvent v2.0’ data for producing 1 kg of: (1) PLA, (2) PET and (4) 
emulsion polymerized PVC. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
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Figure 6.15: Single score comparison of ‘EcoInvent v2.0’ damage data for producing 1 kg of: (1) PLA, (2) PET and (3) emulsion 
polymerized PVC. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
 
 
Figure 6.16: Single score comparison per impact category of ‘EcoInvent v2.0’ damage data for producing 1 kg of: (1) PLA, (2) PET 
and (3) emulsion polymerized PVC. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
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6.7 Comparison of Molding Processes 
By moving forward to the next stages of the life span of a packaging component, the 
manufacturing process is met and this will be examined. Although there are several production 
processes for plastic containers, the most common for HDPE, PP and PVC containers is 
Extrusion Blow Molding (EBM). On the other hand PET containers are produced by the 
combination of two technologies that take place sequentially in the same or in different 
production sites. The technologies are Injection Molding for the production of the PET preform 
and Stretch Blow Molding that transforms a preform into a container, which all together is 
described as Injection Stress Blow Molding (ISBM). 
In the Extrusion Blow Molding process a tubular form of softened polymer is used to 
produce the final object. This softened form, called a parison, is enclosed inside a mould and 
then blown with air or other compressed gas. The parison expands against the sides of the mould 
cavity, where it gets cooled, forming a hollow object in the same size and shape of the mould. A 
neck calibration may take place in this technology during the sealing of the mould -in an 
injection like process- where the polymer melt is trapped between the mould cavity and the 
blowing pin and it is formed by filling the space between the two mould parts and not by 
blowing pressure. 
Injection Molding is a widely used polymeric fabrication process that has evolved from 
metal dye casting manufacturing process. However, unlike molten metal’s, polymer melts have a 
high viscosity and cannot simply be poured into a mould. A large pressuring force must be used, 
to inject the polymer into the hollow mould cavity. More melt must also be packed into the 
mould during solidification to avoid shrinkage in the mould. Identical parts are produced through 
a cyclic process involving the melting of a pellet or powder resin, followed by the injection of 
the polymer melt into the hollow mould cavity under high pressure, the cooling and solidification 
of the polymer and finally the demolding of the solid object. 
In Injection Stretch Blow Molding (ISBM) hollow objects, such as bottles, are produced 
having biaxial molecular orientation with a combined forming process that mechanically 
stretches the object in the cavity with a stretching rod and then forms it into the final object by a 
blowing process very similar to blow molding. Biaxial orientation provides enhanced physical 
properties, clarity and gas barrier properties, which are all important in products such as bottles 
for carbonated beverages. There are two distinct stretch blow molding techniques. In the one-
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stage process, preforms are injection molded, conditioned to the proper temperature and blown 
into containers—all in one continuous process. This technique is most effective in specialty 
applications, such as wide-mouthed jars, where very high production rates are not a requirement. 
In the two stage process, preforms are injection molded, stored for a short period of time 
(typically 1 to 4 days), and blown into containers using a Re-Heat Blow (RHB) machine. 
Because of the relatively high cost of injection molding and stretch blow molding equipment, 
this is the best technique for producing high volume items such as carbonated beverage bottles. 
The neck of the containers is being formed in the preform injection stage. Asymmetrical, flat 
containers with specific material distributions can be achieved by creating a specific temperature 
profile on the preform with preferential heating prior to stretch blowing. 
The comparison of the damage impact for the three molding manufacturing processes 
according to ‘EcoInvent v1.3’ data for processing 1kg of material is illustrated in Figure 6.17 and 
Figure 6.18. For all technologies the manufacturing of 1kg of material has been considered. The 
comparison clearly indicates that Blow Molding has according to the ‘Eco-indicator 99’ the 
lower overall impact. In addition if we take into account the cumulative effect of Injection 
Molding and Stretch Blow Molding -since both are required for the production of PET 
containers- then we see that the production of PET containers has more overall impact than the 
Blow Molding process required for HDPE, PP and PVC containers. This also applies if we 
analyze separately the three constituents: ‘Resources,’ ‘Impact on Human Health’ and ‘Impact 
on the Ecosystem.’  
6.8 Comparison of End-Life scenarios 
6.8.1 Sanitary landfill 
Sanitary landfill of 1kg from the four polymers selected is illustrated in Figure 6.19 and 
Figure 6.20 for the ‘EcoInvent v1.3’ library and in Figure 6.21 and Figure 6.22 for the 
‘BUWAL250’ library. Although the allocation of the damage impact per category is different 
between the two libraries, the overall results are in agreement. More specifically HDPE presents 
the biggest impact according to the ‘Eco-indicator 99’ comparison method, when it is sent to 
sanitary landfill. On the other hand PVC is the material with the smallest overall impact. It is 
important to comment that an investigation conducted for municipal solid waste is very sensitive 
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to regional and seasonal variations. Even for data coming from the same library, there are some 
discrepancies, such as the water content of the different polymers for the EcoInvent library.  
 
Figure 6.17: Damage assessment per impact category using ‘EcoInvent v1.3’ data for processing 1 kg of material in: (1) blow 
molding, (2) injection molding and (3) stretch blow molding. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 
99 E/E method) 
 
 
Figure 6.18: Single score comparison of ‘EcoInvent v1.3’ damage data for processing 1 kg of material in: (1) blow molding, (2) 
injection molding and (3) stretch blow molding. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E 
method) 
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Figure 6.19: Damage assessment per impact category using ‘EcoInvent v1.3’ data for sanitary landfill of 1 kg of: (1) PE, (2) PET, (3) 
PP and (4) PVC. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
 
 
Figure 6.20: Single score comparison of ‘EcoInvent v1.3’ damage data for sanitary landfill of 1 kg of: (1) HDPE, (2) PET, (3) PP and 
(4) PVC. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
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Figure 6.21: Damage assessment per impact category using ‘BUWAL 250’ data for sanitary landfill of 1 kg of: (1) PE, (2) PET, (3) 
PP and (4) PVC. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
 
 
Figure 6.22: Single score comparison of ‘BUWAL 250’ damage data for sanitary landfill of 1 kg of: (1) HDPE, (2) PET, (3) PP and (4) 
PVC. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
6.8.2 Incineration 
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for burning 1kg of the four selected polymers can be seen in Figure 6.23, Figure 6.24 for 
‘EcoInvent v1.3’ database and in Figure 6.25, Figure 6.26 for ‘BUWAL 250.’ Both libraries are 
in agreement and clearly indicate the great impact that PVC burning has on human health, on the 
ecosystem and on depleting our resources. The incineration of PVC leads to the creation of 
dioxins making PVC unsuitable and dangerous for incineration.  
 
Figure 6.23: Damage assessment per impact category using ‘EcoInvent v1.3’ data for incinerating 1 kg of: (1) PE, (2) PET, (3) PP 
and (4) PVC. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
 
 
Figure 6.24: Single score comparison of ‘EcoInvent v1.3’ damage data for incinerating 1 kg of: (1) HDPE, (2) PET, (3) PP and (4) 
PVC. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
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Figure 6.25: Damage assessment per impact category using ‘BUWAL 250’ data for incinerating 1 kg of: (1) PE, (2) PET, (3) PP and 
(4) PVC. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
 
 
Figure 6.26: Single score comparison of ‘BUWAL 250’ damage data for incinerating 1 kg of: (1) HDPE, (2) PET, (3) PP and (4) PVC. 
(LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
6.8.3 Recycling 
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(Figure 6.5 and Figure 6.7) reveal how production and recycling charts follow more or less the 
same reverse pattern in the mirror like diagrams.  
When recycling is considered in the design phase of a packaging component, an 
important factor to be taken into account is whether a rational and economically vivid recycling 
process actually exists. This of course has to do with the available technology, the economy of 
scale generated from volumes of each material in the waste stream, but also the overall support 
to the recycling scheme. Overall PET and HDPE have strong recycling schemes in many 
communities globally which is not the case for PP and PVC.  
 
Figure 6.27: Damage assessment per impact category using ‘EcoInvent v1.3’ data for recycling 1 kg of: (1) PE, (2) PET, (3) PP and 
(4) PVC. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
 
 
Figure 6.28: Single score comparison of ‘EcoInvent v1.3’ damage data for recycling 1 kg of: (1) HDPE, (2) PET, (3) PP and (4) PVC. 
(LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
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Figure 6.29: Damage assessment per impact category using ‘BUWAL 250’ data for recycling 1 kg of: (1) PE, (2) PET, (3) PP and (4) 
PVC. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
 
 
Figure 6.30: Single score comparison of ‘BUWAL 250’ damage data for recycling 1 kg of: (1) HDPE, (2) PET, (3) PP and (4) PVC. 
(LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
6.8.4 Comparison of materials according to Swiss waste treatment 
scenario 
Waste treatment policy varies regionally and in general consists of a mix between various 
treatment processes. In Figure 6.31 and Figure 6.32 the damage impact for the Swiss waste 
treatment scenario according to ‘BUWAL250’ library is presented, for the disposal of 1kg of the 
four polymers of this exercise. The waste treatment scenario is based on 1995 data for treatment 
of municipal waste in Switzerland. The Swiss waste treatment model consists of 22% disposal in 
a landfill, 77% incineration and 1% illegal combustion. 
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The single score diagram (Figure 6.32) clearly indicates that PVC presents the biggest 
impact for the Swiss waste treatment scenario. The root of this big impact can be traced down to 
the extremely high percentage of incineration treatment for this waste scenario. The unsuitability 
of PVC in incineration processes has already been highlighted in paragraph 6.8.2. Therefore 
PVC is unsuitable material for regions such as Switzerland where incineration is common 
practice for waste treatment. On the other hand PVC as shown in paragraph 6.8.1 is not so 
harmful for landfill end-life scenarios. This makes PVC a material more suitable for regions like 
the USA where landfill disposal of Municipal Solid Waste (MSW) is more widespread. 
 
Figure 6.31: Damage assessment per impact category using ‘BUWAL 250’ data for Swiss waste treatment of 1 kg of: (1) PE, (2) 
PET, (3) PP and (4) PVC. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
 
 
Figure 6.32: Single score comparison of ‘BUWAL 250’ damage data for Swiss waste treatment of 1 kg of: (1) HDPE, (2) PET, (3) PP 
and (4) PVC. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
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6.9 Comparison of bottle production with different materials 
In Figure 6.33 and Figure 6.34 data from the Franklin USA library are compared for the 
production of HDPE and PET bottles and PP caps, produced from both virgin and recycled 
materials. As already analyzed in paragraph 6.8.3 recycled materials have a positive impact in 
the lifecycle, due to the avoidance of the virgin material production and the overall damage 
related to this process. This comparison concerns a broader period in the lifecycle, since it covers 
both the production of the material, but also the production of the bottle or cap. As already 
expected the comparison clearly indicates that impact of bottles or caps produced with recycled 
materials is much lower than the impact of packing materials produced with virgin materials. 
This clearly indicates that the use of post-consumer materials is not only beneficial for the cost of 
the product, but also benefits the environment as well. 
 
Figure 6.33: Damage assessment per impact category using “Franklin USA 98” data for bottles & caps production (1kg) from: (1) 
HDPE, (2) PET, (3) PP, (4) rHDPE, (5) rPET and (6) rPP. (LCI data were weighted with the ‘Eco-indicator 99 (E) v2.04/Europe EI 99 
E/E’ method) 
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Figure 6.34: Single score comparison of “Franklin USA 98” damage data for bottles & caps production (1kg) from: (1) HDPE, (2) 
PET, (3) PP, (4) rHDPE, (5) rPET and (6) rPP. (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E 
method) 
6.10 Comparison of different means of transportation 
Transportation of goods during all stages of the product life should not be neglected, 
since they are accountable for significant share on the overall damage impact of the lifecycle. 
Naturally, minimization of the travelling distance within the lifecycle would also reduce the 
overall impact. A smart set-up of the sourcing and distribution stream is important, since it 
results to immediate benefit in energy consumption and emission reduction.  
Besides minimizing distance, the selection of transportation means is also very important 
on the overall damage impact in the lifecycle. Different ways of transportation cause different 
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level of impact. In Figure 6.35 & Figure 6.36 a comparison is made for different means of 
transportation. In all cases 1 ton of load for a transportation distance of 1km was considered 
under different ways of transportation. All data used were from the ‘EcoInvent v1.3’ database 
and the evaluation method used was ‘Ecoindicator 99.’ The following ways of transportation 
were compared: 
 Aircraft freight transportation within Europe 
 Aircraft intercontinental freight transportation  
 Rail freight transportation 
 Van (capable of carrying less than 3.5tn) transportation 
 Lorry (capable of carrying 16tn) transportation 
 Lorry (capable of carrying 32tn) transportation 
 Barge sea transportation 
 Freight ship transoceanic transportation 
The EcoInvent comparison clearly indicates that regional air-transportation in Europe has 
the highest overall impact per km of transportation. This is not the case for intercontinental 
transportation, where the impact per distance is smaller than for a van capable of handling loads 
less than 3.5tn. Naturally the average distance of intercontinental flight is much bigger than the 
distance a small lorry averagely travels in order to deliver goods and in a transportation study 
most probably we would not face a dilemma of selecting between intercontinental air-freight and 
small van freight for the same transportation route. Nevertheless this comparison reveals how 
inefficient in terms of energy consumption the transportation with small lorries is. As expected 
the efficiency of road transportation per km of transportation increases with the increase of the 
truck size. In more detail, a 16tn truck versus a 32tn scores slightly over double in all three 
‘Ecoindicator 99’ impact categories. Impact is significantly lower for rail and sea transportation 
(barge) which more or less share the same results in this comparison. Transoceanic transportation 
presents the smallest impact of all, since the ‘Ecoindicator 99’ evaluation per impact category 
has half values than rail transportation. 
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Figure 6.35: Damage assessment per impact category using ‘EcoInvent v1.3’ data for different ways of transportation of 1000kg 
load for distance of 1km (1tkm) (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
 
 
Figure 6.36: Single score comparison of ‘EcoInvent v1.3’ damage data for different ways of transportation of 1000kg load for 
distance of 1km (1tkm) (LCI data were weighted with the Eco-indicator 99 (E) v2.04/Europe EI 99 E/E method) 
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6.11 Comparison of different stages in the material Life Cycle 
In all the comparisons that were conducted so far, a single stage in the Lifecycle of the 
material was considered. In Figure 6.37, Figure 6.38, Figure 6.39 and Figure 6.40 a synopsis of 
the single stage comparisons of the ‘EcoInvent v1.3’ library is done for each material separately. 
This is very important in order to understand the difference in the level of contribution for the 
different stages of the lifecycle. In all comparisons 1kg of material is considered. Of course this 
is an ideal situation where no material lose occurs from one process to the other. In real life the 
material in each sequential stage in the lifecycle is reduced due to losses. For the transportation 
stage, the assumption that 1kg of material travels a total distance of 1000km with a 16tn truck 
was made. Naturally this is a very rough assumption. In reality a complex system of 
transportation movements with various means of transportation take place during the lifecycle of 
materials. 
By looking at the figures for the four materials under investigation, it is easy to 
understand that the highest damage impact for the lifecycle stages considered in this comparison 
comes from the production of the material. The second most impactful process in the comparison 
is the manufacturing of the container. Both blow-molding and the combined process of injection 
and stretch blow molding used for PET bottles, have a significant contribution to the damage 
impact.  
On the contrary, since recycling is considered as avoidance of material production, it 
almost eliminates the damage impact caused by the production of virgin raw material (if ideally 
no losses occur and all the quantity that has been produced finally gets recycled). Besides 
recycling, which according to all figures is a beneficial process for the lifecycle; other end-life 
scenarios such as sanitary landfill and incineration still have much lower negative impact, 
compared to the production of the raw material. Incineration may have less overall impact for 
HDPE and PP compared to sanitary landfill (Figure 6.37 and Figure 6.39) and on the other hand 
PET and PVC may be more suitable for landfill disposal rather than incineration (Figure 6.38 
and Figure 6.40), but in any case whatever disposal process is selected for any of the four 
materials, the impact of the end-life scenario is much less compared to the impact of the 
production of the raw material. So the beginning of the life (production of raw material) of a 
polymer is more damaging than the end-life of the material (disposal or recycling). This 
observation truly strengthens the demand for less material in packaging and more recycled 
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content, since both activities reduce the most impactful process of all, which is the production of 
new raw material in the first place. 
Transportation is a truly variable and polyparametric element in the overall damage 
impact, therefore the transportation contribution to this analysis is only indicative and can 
dramatically differ depending on the assumptions made. Simulating the real life logistic set-up is 
the best way to get more precise damage data for the freight contribution on the overall damage 
impact. Minimizing the transportation distance and using optimum means of transportation, can 
really create a benefit, regardless of the polymer material selection. Naturally each transportation 
root has its own specificities and restriction. This means that optimum way of transportation, 
which according to Figure 6.36 is rail and ship, cannot always be utilized.  
 
Figure 6.37: Single score comparison of ‘EcoInvent v1.3’ damage data for different stages of HDPE Life Cycle: All comparisons are 
done for 1kg of material. Transportation is calculated for a distance of 1000km. (LCI data were weighted with the Eco-indicator 99 
(E) v2.04/Europe EI 99 E/E method) 
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Figure 6.38: Single score comparison of ‘EcoInvent v1.3’ damage data for different stages of PET Life Cycle: All comparisons are 
done for 1kg of material. Transportation is calculated for a distance of 1000km. (LCI data were weighted with the Eco-indicator 99 
(E) v2.04/Europe EI 99 E/E method) 
 
 
Figure 6.39: Single score comparison of ‘EcoInvent v1.3’ damage data for different stages of PP Life Cycle: All comparisons are 
done for 1kg of material. Transportation is calculated for a distance of 1000km. (LCI data were weighted with the Eco-indicator 99 
(E) v2.04/Europe EI 99 E/E method) 
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Figure 6.40: Single score comparison of ‘EcoInvent v1.3’ damage data for different stages of PVC Life Cycle: All comparisons are 
done for 1kg of material. Transportation is calculated for a distance of 1000km. (LCI data were weighted with the Eco-indicator 99 
(E) v2.04/Europe EI 99 E/E method) 
6.12 Different calculation methods 
The comparison of several processes so far, has revealed the importance of the LCI data 
selection, since different set of data for the same or similar process can lead to controversial 
results. Another important parameter while conducting a LCA is the comparison method used for 
processing the data. So far, all the comparisons of LCI data have been made with the exact same 
evaluation method, Eco-indicator 99 (E) v2.04. This method provides very good and very clear 
results, since it can go down to three general categories of impact -Resources, Human Health, 
Ecosystem- making results very easy to interpret. There are several other methods, besides the 
Eco-indicator 99 (Appendix III). Each of these methods uses different ways of grouping, 
normalizing and weighing data.  
In this last section of the investigation, the same set of inventory data are processed by 
different comparison methods. The inventory data concern the production process of the four 
polymer materials according to the ‘BUWAL250’ database (Table IV.2), which have already 
been processed by the ‘Eco-indicator 99’ comparison method in Figure 6.6 and Figure 6.7. The 
comparison methods used have been already presented in paragraph 6.2.2 and are the following:  
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 Eco-indicator 95 v2.03 
 Ecopoints 97 (CH) v2.04 
 EDIP/UMIP 97 v2.03 - World/Dk 
 EPS 2000 V2.02 
 IMPACT 2002+ V2.03 
In Figure 6.41 BUWAL250 production data are compared with the ‘Eco-indicator 95 
v2.03’ method, in Figure 6.42 with the ‘Ecopoints 97 (CH) v2.04’ method, in Figure 6.43 with 
‘EDIP/UMIP 97 v2.03 - World/Dk’ method, in Figure 6.44 with ‘EPS 2000 V2.02’ method and 
in Figure 6.45 with the ‘IMPACT 2002+ V2.03’ method. 
As it can be seen, each method has different areas of impact which can vary from general 
categories -such as ‘summer smog’ or ‘depletion of reserves’- but may go down to the 
production of ‘carbon dioxide (CO2)’ or ‘mercury (Hg) air emissions.’ Naturally each method 
focuses in different areas of concern and leads to different results. It is not the purpose of this 
study to go into more detail on the method specificities or to make a thorough comparison 
between their results, but it should be highlight that different method selections may lead to 
controversial results. 
 
Figure 6.41: Single score comparison of ‘BUWAL 250’ damage data for producing 1 kg of: (1) HDPE, (2) PET, (3) PP and (4) PVC. 
(LCI data were weighted with the Eco-indicator 95 v2.03 -Europe e- method) 
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Figure 6.42: Single score comparison of ‘BUWAL 250’ damage data for producing 1 kg of: (1) HDPE, (2) PET, (3) PP and (4) PVC. 
(LCI data were weighted with the Ecopoints 97 (CH) v2.04 –Ecopoints- method) 
 
 
 
Figure 6.43: Single score comparison of ‘BUWAL 250’ damage data for producing 1 kg of: (1) HDPE, (2) PET, (3) PP and (4) PVC. 
(LCI data were weighted with the EDIP/UMIP 97 v2.03 - World/Dk method) 
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Figure 6.44: Single score comparison of ‘BUWAL 250’ damage data for producing 1 kg of: (1) HDPE, (2) PET, (3) PP and (4) PVC. 
(LCI data were weighted with the EPS 2000 V2.02 method) 
 
 
Figure 6.45: Single score comparison of ‘BUWAL 250’ damage data for producing 1 kg of: (1) HDPE, (2) PET, (3) PP and (4) PVC. 
(LCI data were weighted with the IMPACT 2002+ V2.03 method) 
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7.1 Environmental issues 
Today more than ever the concept of sustainable development poses as a necessity in 
order to assure life as we know it for the future generations. The global population boom in 
parallel with the modern style of living and today’s consumption habits have made human 
existence more than noticeable on the planet. Human activity has reached a point that can impact 
and influence resources and conditions that used to be considered abundant and immutable. Air 
and potable water used to be considered as self-evident goods available to all people around the 
globe. Nowadays we are experiencing water and food shortage in various geographical areas 
with substantial consequences on people’s lives. The earth’s atmosphere has been ceaselessly 
absorbing emissions from industrial, agricultural and overall human activity. Through this 
persistent and uncontrolled process of abounding air emissions, we have come to realize that 
even the atmosphere has a limitation on the substances that it can withstand. Air pollution does 
not only concern the communities that are creating it, but due to its volatility it travels long 
distance making it a global rather that a regional issue. Specifically air emissions such as CO2, 
CH4 and H2O that contribute to the green house effect, are reaching such concentrations in the 
atmosphere that threaten today’s heat equilibrium which maintained Earth viable climate, 
shifting it towards a worrying global warming phenomenon, the consequences of which have not 
yet been clarified nor estimated. Acidification and ozone depletion are other forms of 
environmental problem that comes from the air pollution for which human activity is 
accountable. Deforestation and land degradation is a consequence of Earths land over-
exploitation. The unwise and uncounted use of resources, combined with the constantly 
increasing demand, lead to the depletion of the natural resources. Solid waste generation is 
increasing with hurtful results to the environment and in its worse format of littering, garbage 
ends-up in the sea, polluting the ocean and threatening the wildlife. Today’s human activity has 
lead to significant loss of the biodiversity and to a constantly increasing rate of species 
extinction. 
7.2 Need for sustainable development 
Sustainable development comes today more than ever as a mandatory mindset change in 
order to sustain life on the planet for the coming generations. Sustainable development lies in the 
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intersection of the environment, the society and the economy, therefore represents the balance, 
the golden section, between protecting the planet, caring for people and improving performance. 
Industries and companies have been exposed to this need and are making efforts in order 
to follow. In the process of conforming and adapting sustainable policies in the way companies 
conduct business, a significant benefit may emerge. Pioneers will associate their business and 
their corporate identity in the eyes of their customers, consumers, shareholders, stakeholders, 
employees with this noble concept and gain from this process. It is important though to follow a 
sincere and transparent policy that does not twist the truth around and that does not try to deceive 
with false or misleading claims. The effort to present false or manipulating green claims is 
known as greenwashing and backfires with worse results for the company, but also creates 
consumer suspiciousness even for truthful and honest efforts within the same business sector.  
7.3 Packaging sustainability 
Sustainability may be a very transparent and rightful goal to protect future generations’ 
well-being, but it becomes very complex when it comes to deciding which actions contribute to 
achieve this higher goal. The same difficulties apply when the concept of sustainability is linked 
to packaging which has generated the modern term “sustainable packaging.” Sustainable 
development as already described is the process that secures the needs of the future generations 
by focusing on the economy, the society and the environment, therefore “sustainable packaging” 
refers to packaging solutions that positively contribute to the sustainable development process 
and therefore are good for the economy, good for the society and of course good for the 
environment.  
Companies are requiring “sustainable packaging” and professionals in the packaging field 
need to provide solutions that can fit this descriptor. The process to be followed in order to 
improve the environmental effect of packaging by keeping it economically viable and beneficial 
for the society is neither simple nor straightforward. Systematic education and constant exchange 
of information is required in order for packaging professionals to get acquaint with term of 
sustainability, to clarify the new concepts and terminology, to understand their role and liability 
within this process, to identify their partners along the various stages of the product lifecycle and 
implement positive changes to packaging itself. An extended and more holistic viewpoint is 
required, since packaging professionals should not restrict their focus to the primary role of 
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packaging, but should extend their view to the whole lifecycle of the materials for the packaging 
components in all levels. Understanding the flow of materials in the biosphere and being able to 
imitate similar processes in the technosphere by implementing the waste hierarchy of remove, 
reduce, recycle, recover is important in the process of improving packaging. In this difficult 
course towards packaging that contributes to sustainable development a good set of guidelines, 
rules and evaluation tools can assist packaging professionals in building a roadmap for 
improving their products, but also avoid superficial and misleading communication and green-
washing. 
7.4 Industry efforts to present sustainable packaging 
The industry has received great attention for the packaging solutions that it has been 
implementing with most representative of all the bottled water industry and in less extend the 
food industry were packaging or even the product itself has been greatly challenged for the its 
environmental impact. In this hostile environment for packaging and in an undeclared race for 
“packaging sustainability” solutions, many companies have tried to introduce and to promote 
various packaging proposals that could fit this description in order to associate their products and 
brand equities to this new field. Although a thorough investigation is required in order to verify 
the benefits and to prove that it is not only a case of green washing claims, a selection of some of 
these proposals has been gathered and has been presented in this study as an example of what 
companies are doing so far in this field. The industrial proposals for improving packaging are 
done in various different fields such as material reduction, shape optimization, reusable and 
refillable packaging solutions, use of post consumer materials or introduction of new materials 
such with degradable or biodegradable properties, coming from natural and sustainable sources. 
7.5 Survey Conclusions 
Packaging community holds a key role in the improvement process of packaging, 
therefore getting acquainted and understanding their views on sustainability related topics is 
important information for the overall process of optimizing packaging solutions. The opinions 
and views of people in this field were monitored by developing and conducting an on-line 
survey, targeting participation of packaging professionals from all over the world. Since the shift 
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to environmental packaging has been a front line topic that has received a lot of attention lately, 
the survey on this topic attracted a lot of participants. Participants claimed they were deeply 
knowledgeable in both packaging and sustainability topics. Trusted brand was their first priority 
when it comes to product selection. They declared that they are sensitive to environmental issues, 
they participated in the recycling process more than average, they found inspiration in a 
company acting green, but they were dependent on their private car for transportation. They 
acknowledged that products are at some extend overpackaged, but they considered themselves 
and their company to perform well in this area. Water and air pollution were the two most 
important environmental issues that concerned survey participants who linked packaging mostly 
with the solid waste creation. When asked to name a ‘green’ company in any field, Wal-Mart and 
Whole Foods Market were their number one replies. P&G was the green company that comes to 
mind when restricted to consumer goods field and AVEDA was the dominant leader in the 
companies that are leading in green packaging. PVC, PS and PU are the materials that were 
considered to have the biggest negative environmental impact and returnable glass and rPET the 
least. Corrugated shipper and glass bottle were the preferred formats when thinking about the 
environment. Consumers were considered to be the most important factor in improving the 
environmental impact of packaging. Reduction of packaging was the most significant corrective 
action in order to improve the environmental impact, according to participants and this seemed to 
be the area where most companies are making progress and performing better. In most areas the 
most frequent end-life scenario for packaging materials was landfilling, followed by recycling. 
Survey participants coming from CP on average did not differentiate significantly in their replies 
compared to participants coming from other companies, although CP participants self-evaluated 
themselves to be less knowledgeable on sustainability topics. 
7.6 Material comparison conclusions 
Finally the environmental impact of various polymer materials was investigated by 
comparing different stages in their lifecycle. This comparison was conducted by using life cycle 
inventory data for different lifecycle stages of polymer materials (HDPE, PET, PP, PVC and 
PLA). LCA poses today as one of the most advanced and suitable solutions in order to 
understand the effect that not only the packaging, but also the product and the related activity has 
on the biosphere. LCA provides scientific measured set of data for the emissions and the required 
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resources for all linked process within the system boundaries, offering the option to go into very 
detailed and elaborative analysis for the full lifecycle of a product or a process. 
According to the majority of LCI libraries used in the investigation, PVC produced by 
emulsion polymerization has the biggest negative impact versus the other PVC polymerization 
processes. The comparison of production processes for the same base quantities of the four 
polymers (HDPE, PP, PET and PVC) with different data libraries showed that PET is the most 
demanding polymer in terms of resources and PVC the least demanding. PVC was the material 
with the smallest overall impact during its production compared to the same weight of the other 
polymers. When it comes to comparing PLA -the most well known biopolymer- with fossil 
polymers, PLA has a bigger negative impact due to the big contribution of land use, but on the 
other hand it consumes less fossil fuel during its production versus the same weight of the 
traditional polymers. The comparison of rigid container production processes showed that blow-
molding has smaller impact than injection molding and stretch blow molding for processing the 
same weight of polymer material. Landfill disposal of HDPE and PP presents the biggest impact 
versus the same quantities of PVC and PET material that is sent to the landfill. On the other hand 
incineration is a process not suitable for PVC since it presents the heights impact compared to 
the same quantity of the other polymers and on the other hand PET has the smallest impact when 
incinerated. Recycling of polymer materials is a beneficial process for all materials, since not 
only it reduces material in the deposition stream, but also contributes in the reduction of virgin 
material production, therefore it has a negative value when it comes to LCI data. Rail and 
transoceanic ship freight presented the lowest environmental impact per distance of transporting 
the same weight and on the other hand small distance airfreight and small van (<3.5tn) presented 
the biggest impact. When comparing for the same material different lifecycle stages with each 
other, the big impact of production of raw material is revealed and the value of recycling and 
material avoidance emerges. Overall the comparison showed the importance in the selection of 
inventory datasets and of calculation methods, since different selections can lead to controversial 
results. Also it is important to highlight that there is no single answer on what material or 
packaging format is better than another, since materials have to compete in several different 
areas where different materials can be the best performers every time. Finally it is important to 
highlight that in this analysis the same mass of different materials was considered, which would 
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not be the case when these materials would be actually used for the same or similar packaging 
application. 
7.7 The journey continues 
This thesis may generate more questions than the ones that are actually being answered, 
but this is natural when it comes to an important and complex topic as the one of sustainability 
and its relation to packaging. Packaging professionals should keep in mind that a single road map 
does not exist to environmentally improve packaging. Even the metric tools such as LCA do not 
provide a single answer to this question. “Sustainable packaging” is a never-ending process and 
in this long and difficult road where the goal should always be the inspiration. After all “Earth is 
the best packaging for life.” 
 
Figure 7.1: Earth, the best packaging for life 
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Table I.1: General symbols commonly found on packaging 
 
Möbius loop: This symbol indicates that the product can be recycled and it is 
found on a broad range of products made from a wide variety of materials. Each 
arrow represents an aspect of a successful recycling program: collection, 
remanufacturing/reprocessing into a new product, and finally purchase by the 
consumer. 
 
Möbius loop with percentage: This symbol indicates that the product is made 
from a certain percentage of recycled materials. 
 
Australian Möbius loop: This is a variation of the Möbius loop used in 
Australia. 
 
Der Grüne Punkt: The Green Dot symbol is used in Europe to indicate that the 
manufacturer of the product has contributed financially to its eventual recovery. 
It does not mean that the product is recyclable (http://www.gruener-punkt.de/). 
 
Tidyman: The 'Tidyman' logo, often accompanied by a message to 'dispose of 
waste thoughtfully,’ is used by many companies on their product packaging. 
Tidyman was first used by the American beer company, Budweiser, in the 1950s 
to encourage people not to litter. Tidyman is in the public domain and free to 
use. 
 
Recycle Now logo: It is increasingly being used in the UK to indicate that the 
product or material may be readily recycled. The use of the logo and the wider 
promotion of recycling are managed by WRAP - Waste & Resources Action 
Program (http://www.recyclenow.com/). 
 
Greenlist logo: The Greenlist process provides ratings for more than 95 
percent of the raw materials used by SC Johnson, including packaging. Each 
raw material receives a rating from 3 (best) to 0 (worse), which helps us go 
beyond regulatory requirements to continually make our products better 
(http://www.scjohnson.com/en/commitment/focus-on/greener-
products/greenlist.aspx). 
 
Taiwan's recycling logo: This logo for recycling from Taiwan has two sets of 
arrows: one in black and one in white showing the recycling process. 
 
Plastic container: This symbol is applied to plastic containers and wrapping 
with the exception of PET bottles. The trademark for this identification mark is 
owned by the Plastic Containers and Packaging Recycling Promotion Council in 
Japan (http://www.pprc.gr.jp/). 
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Table I.2: Symbols which commonly appear on metal packaging 
 
Recyclable Aluminum: This symbol denotes a product that is made from 
aluminum and can be recycled. 
 
Recyclable steel: This symbol denotes a product that is made from steel which 
can be separated by magnets and recycled. 
 
Aluminum can: The identification mark for aluminum cans is a trademark 
owned by the Aluminum Can Recycling Association in Japan (http://www.alumi-
can.or.jp/). 
 
Steel cans: The identification mark for steel cans is a trademark owned by the 
Steel Can Recycling Association in Japan (http://www.steelcan.jp/). 
 
 
 
Table I.3: Symbols which commonly appear on glass packaging 
 
Recyclable Glass: While most glass containers are recyclable, this symbol 
advises consumers that the glass bottle they have purchased can and should be 
placed in a bottle bank. 
 
Recycling G logo: The Glass Packaging Institute (GPI) has developed this 
symbol for use on glass packaging that informs the consumer that it is made 
from recycled glass and can be recycled again (http://www.gpi.org/). 
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Table I.4: Symbols which commonly appear on paper and cardboard packaging 
 
The RESY recycling symbol: It guarantees the complete disposal and reuse of 
all transport and grouped packaging bearing the RESY symbol. The legal use of 
the RESY symbol means that all the specifications of the Packaging Directive 
for transport packaging have been fulfilled (http://www.resy.de/). 
 
The NAPM approved recycled paper mark: National Association of Paper 
Merchants (NAPM) mark is for products manufactured from a minimum of 50%, 
75% or 100% genuine paper and board waste fiber, no part of which contains 
mill produced waste (http://www.napm.org.uk/). 
 
The NAPM approved recycled paper mark: This is the old logo format. 
 
The SFI trademark: Sustainable Forestry Initiative certification offers assurance 
of a stable supply of quality forest products from legal, responsible sources. It is 
recognized and accepted in markets around the world, and has been endorsed 
by the internationally recognized Program for the Endorsement of Forest 
Certification (PEFC) schemes (http://www.sfiprogram.org/). 
 
The FSC trademark: Forest Stewardship Council (FSC) offers a guarantee that 
products comes from responsible sources that support the conservation of 
forests and wildlife and helps people lead better lives (http://www.fsc.org/). 
The RPA-100% symbol: Created in 1995 by the 100% Recycled Paperboard 
Alliance, Inc. (RPA-100%), is displayed today on a wide range of products and 
packaging made with 100% recycled paperboard (http://www.rpa100.com/). 
 
Corrugated Recycles Symbol: This symbol may be used without specific 
permission on all corrugated products that are readily recyclable. The symbol is 
merely a general statement that the corrugated product on which it appears can 
be recycled. It is not meant to imply that any content was already recycled or a 
product of recycling (http://www.corrugated.org/). 
 
Paper container and wrapping: The trademark for the paper containers and 
wrapping identification mark is owned by the Paper Containers and Packaging 
Recycling Promotion Council in Japan (http://www.kami-suisinkyo.org/). 
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Table I.5: Certificates for compostable materials 
 
Compostability: It is the property of European Bioplastics and is administered 
and awarded by the registered German certifying Institute DIN CERTCO. It 
certifies that the product fulfils the requirements of EN 13432 
(http://www.european-bioplastics.org/). 
 
OK Compost: Certifies that the product is 100% biodegradable and 
compostable and fulfils the requirements of EN 13432 (http://www.aib-
vincotte.com/). 
 
OK Home Compost: Additionally to the OK Compost mark, the Home Compost 
certifies that the product degrades at a lower level of heat and humidity which 
would be present in a Home Compost heap. 
 
BPI labeling program: Biodegradable Products Institute (BPI) offers this logo 
to plastic products that meet ASTM D6400-99, "Standard Specifications for 
Compostable Plastics," and are intended to be composted in a municipal or 
commercial facility operated in accordance with best composting management 
practices (http://www.bpiworld.org/). 
 
GreenPla: This is the mark of Japan Bioplastics Association (Former 
Biodegradable Plastics Society) for compostable plastics, according to the ISO 
methods and evaluated based upon pre-established criteria 
(http://www.jbpaweb.net/english/english.htm). 
 
The Finnish Apple: Products carrying the apple logo may be used for 
collecting food waste to be composted. Fulfils the requirements of EN 13432 
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Table I.6: Standard marking code of plastic packaging [81] 
Codes Material Packaging Applications Recycled Products 
 
PET 
Polyethylene terephthalate 
- Soda Bottles, Water 
Bottles, and oven-ready 
meal trays.  
Fiber, tote bags, clothing, film and sheet, food 
and beverage containers, carpet, strapping, 
fleece wear, luggage and bottles.  
 
HDPE 
High-density polyethylene - 
Bottles for milk and 
cleaning fluids.  
Liquid laundry detergent, shampoo, 
conditioner and motor oil bottles; pipe, 
buckets, crates, flower pots, garden edging, 
film and sheet, recycling bins, benches, dog 
houses, plastic lumber, floor tiles, picnic 
tables, fencing.  
 
PVC 
Polyvinyl chloride - Food 
trays, cling film, bottles for 
shampoo.  
Packaging, loose-leaf binders, decking, 
paneling, gutters, mud flaps, film and sheet, 
floor tiles and mats, resilient flooring, cassette 
trays, electrical boxes, cables, traffic cones, 
garden hose, mobile home skirting.  
 
LDPE 
Low density polyethylene - 
Shopping bags and 
Garbage Bag liners.  
Automobile battery cases, signal lights, 
battery cables, brooms, brushes, ice 
scrapers, oil funnels, bicycle racks, rakes, 
bins, pallets, sheeting, trays.  
 
PP 
Polypropylene - Margarine 
tubs, microwaveable meal 
trays.  
Automobile battery cases, signal lights, 
battery cables, brooms, brushes, ice 
scrapers, oil funnels, bicycle racks, rakes, 
bins, pallets, sheeting, trays.  
 
PS 
Polystyrene - Yoghurt cups, 
foam meat, poultry or fish 
trays, egg cartons, vending 
cups, plastic cutlery, 
protective packaging for 
electronic goods and toys.  
Thermometers, light switch plates, thermal 
insulation, egg cartons, vents, desk trays, 
rulers, license plate frames, foam packing, 
foam plates, cups, utensils  
 
OTHER 
Any other plastics that do 
not fall into any of the 
above categories. - An 
example is melamine, 
which is often used in 
plastic plates and cups.  
Bottles, plastic lumber applications.  
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Table I.7: Examples of common Eco-labels that appear on packaging worldwide 
 
The EU flower: It is the European Union’s Environmental Quality Mark, a 
symbol of superior environmental quality which is available to a range of 
products and services [82]. It is a voluntary scheme designed to encourage 
businesses to market products and services that are kinder to the environment 
and for European consumers - including public and private purchasers - to 
easily identify them. The EU Flower is a recognized environmental quality mark 
across the countries of the EU and in Norway, Liechtenstein and Iceland 
(http://ec.europa.eu/environment/eco-label/). 
 
Green Seal (USA): The mark says that a product or service has been tested 
according to science-based procedures, that it works as well or better than 
others in its class, and that it has been evaluated without bias or conflict of 
interest. Green Seal is an independent non-profit organization dedicated to 
safeguarding the environment and transforming the marketplace by promoting 
the manufacture, the purchase, and use of environmentally responsible 
products and services. (http://www.greenseal.org/). 
 
EcoLogo (Canada): Canada's Environmental Choice Eco-Logo symbol of 
certification was established in 1988. The program helps consumers identify 
products and services that are less harmful to the environment. A product or 
service may be certified because it is made or offered in a way that improves 
energy efficiency, reduces hazardous by-products, and uses recycled materials 
or because the product itself can be reused (http://www.ecologo.org/). 
 
Blue Angel (Germany): It is administered by the German Quality Control 
Institute - RAL Deutsches Institut - and has been established since 1977. It is 
the first eco label and it is awarded to a wide range of consumer items 
(http://www.blauer-engel.de/). 
 
NF Environmement (France): Created in 1991, the mark features a single leaf 
covering a globe. It is a voluntary certification mark awarded to products that 
have a reduced effect on the environment while offering an equivalent 
performance. To be issued the NF Environmement mark, the product must 
comply with ecological and fitness for purpose criteria (http://www.marque-
nf.com/). 
 
Eco Mark (Japan): It is the mark that is attached on a product which is certified 
as contributing to environmental preservation in terms of less environmental 
burden. Eco Mark considers whole lifecycle of products. It is also aimed for the 
consumers to make an environmental - friendly product choice, and also to 
consider the relation of life and environment. Japan Environment Association 
holds the trademark right (http://www.ecomark.jp/english/index.html). 
 
The Nordic Swan (Denmark, Sweden & Norway): It is the official Nordic eco-
label, introduced by the Nordic Council of Ministers in 1989, to encourage 
production methods that create the minimum environmental impact. The Swan 
logo demonstrates that a product is a good environmental choice. The green 
symbol is available for around 60 product groups for which it is felt that eco-
labeling is needed and will be beneficial (http://www.svanen.nu/). 
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Environmental Choice (New Zealand): A voluntary, multiple specifications 
based environmental labeling program that operates to international standards 
and principles. It recognizes the genuine moves made by manufacturers to 
reduce the environmental impacts of their products and provides a credible and 
independent guide for consumers who want to purchase products that are 
better for the environment (http://www.enviro-choice.org.nz/). 
 
Thai Green Label (Thailand): The Green Label is an environmental 
certification awarded to specific products that are shown to have minimum 
detrimental impact on the environment in comparison with other products 
serving the same function. It applies to products and services, not including 
foods, drinks, and pharmaceuticals. Participation in the scheme is voluntary 
(http://www.tei.or.th/greenlabel/index.html). 
 
 
Table I.8: Recently established eco-labels 
 
Cradle to Cradle (Established 2005): This Certification provides a company 
with a means to tangibly, credibly measure achievement in environmentally-
intelligent design and helps customers purchase and specify products that are 
pursuing a broader definition of quality. This means using environmentally safe 
and healthy materials; design for material reutilization, such as recycling or 
composting; the use of renewable energy and energy efficiency; efficient use of 
water, and maximum water quality associated with production; and instituting 
strategies for social responsibility. This certification program applies to 
materials, sub-assemblies and finished products (http://www.mbdc.com/c2c/). 
 
Carbon Reduction Label (Established 2007): Devised by the Carbon Trust, it 
provides a public measure of the carbon footprint of products and services, i.e. 
the amount of CO2 and other greenhouse gases emitted as part of a product's 
manufacture, distribution, use and disposal. Those companies who label their 
products and services are committed to reducing their carbon footprints from the 
figure shown within two years (http://www.carbon-label.co.uk/label.html).  
 
Carbon Reduction Label (Established 2007): This is the old format of the 
Carbon Trust logo. 
 
Penguin Approved (Established 2006): Manufacturers who go "carbon 
neutral" can apply for their labels to feature the Penguin Approved logo, which 
carries the assurance: "No Global Warming." It has been devised by Belu, the 
not-for-profit company that launched Britain's first biodegradable bottle for its 
mineral water. More than one million of the corn polymer "bio bottles" have been 
sold and the water will be the first product to carry the new logo 
(http://www.belu.org/). 
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Figure II.1: Purchasing decisions while shopping in a super market (Section 1) 
 
 
 
Figure II.2: Sustainability and packaging related statements (Section 2) 
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Figure II.3: Level of concern and packaging contribution to environmental issues (Section 3) 
 
 
 
Figure II.4: Green companies in three different fields (Section 4) 
1. Very concerned 
2. Concerned 
3. Somewhat concerned 
4. Not concerned 
5. Unfamiliar 
1. Very big 
2. Big 
3. Moderate 
4. Small 
5. Very small 
6. Not linked 
7. Do not know 
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Figure II.5: Environmental impact of materials used for packaging (Section 5) 
 
 
 
Figure II.6: Environmental compatibility of various packaging types (Section 6) 
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Figure II.7: Contribution of parties in improving packaging for the environment (Section 7) 
 
 
 
Figure II.8: Actions for improving packaging for the environment (Section 8) 
1. Very significant 
2. Significant 
3. Somewhat significant 
4. Not significant 
5. Not applicable 
 
1. Very good 
2. Good 
3. Not so good 
4. Bad 
5. Very bad 
6. Do not know 
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Figure II.9: Popularity of various end-life scenarios for packaging (Section 9) 
 
 
 
Figure II.10: Participants’ demographics (Section 10) 
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Packaging professionals were invited to participate to the survey with the below email 
invitation: 
 
Subject: Packaging Sustainability Awareness survey 
 
Dear [Last Name], 
My name is Alexandros Astropekakis and I am attending the MSc program in Packaging Science 
for Executive Leaders at the Rochester Institute of Technology (RIT – www.rit.edu). In parallel, 
I am a Colgate-Palmolive Packaging Professional. 
In the framework of my thesis on Packaging Sustainability, you are kindly invited to participate 
in the “Packaging Sustainability Awareness” survey that I have designed. It consists of 10 
sections and it takes 20-30minutes to complete. 
The goal is to monitor the sensitivity and views of Packaging Professionals on environmental 
issues. The survey requires your personal view and not your company’s policy/strategy.  
The success of this effort depends greatly on your kind participation. All replies will remain 
anonymous. A copy of the results will be sent -after my thesis defense- to people that complete 
the survey and declare it. 
In order to start the survey, please follow the link: 
[Survey Link] 
I would appreciate if you could complete the survey by 26th of March. 
Thank you for your participation! 
 
Best regards 
Alexandros Astropekakis 
Packaging Engineering Mgr CP 
 
This link is for removing yourself from the survey. Please do not use it: 
[Remove Link] 
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APPENDIX III MIDPOINT AND ENDPOINT SIMAPRO 
METHODS 
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Table III.1: Midpoint evaluation methods 
Method Impact category Units Comment 
CML 1992 (v2.03) 
 
Center for Environmental 
Studies (CML), University of 
Leiden, 1992 
Greenhouse 
Ozone layer 
Ecotoxicity 
Human toxicity 
Eutrophication 
Acidification 
Summer smog 
Energy resources 
Solid waste 
kg GWP 
kg ODP 
EC 
HC 
kg NP 
kg AP 
kg POCP 
MJ LHV 
kg waste 
Normalization availability. 
 
(This method is NOT fully adapted 
for inventory data from the ecoinvent 
library and the USA Input Output 
Database 98, and therefore omits 
emissions that could have been 
included in impact assessment.) 
CML 2 baseline 2000 (v2.03) Abiotic depletion 
Global warming 
Ozone layer depletion 
Human toxicity 
Fresh water aquatic ecotoxicity 
Marine water ecotoxicity 
Terrestrial ecotoxicity 
Photochemical oxidation 
Acidification 
Eutrophication 
kg Sb eq 
kg CO2 eq 
kg CFC-11 eq 
kg 14-DB eq 
kg 14-DB eq 
kg 14-DB eq 
kg 14-DB eq 
kg C2H4 
kg SO2 eq 
kg PO4--- eq 
Normalization availability. 
 
(This method is NOT fully adapted 
for inventory data from the USA 
Input Output Database 98, and 
therefore omits emissions that could 
have been included in impact 
assessment.) 
TRACI (v2.00) 
 
Tool for the Reduction and 
Assessment of Chemical and 
other Environmental Impacts 
(TRACI), developed by U.S. 
EPA 
 
Global warming 
Acidification 
HH cancer 
HH cancer ground-surface 
HH cancer root-zone 
HH non-cancer 
HH non-cancer ground-surface  
HH non-cancer root-zone 
HH criteria 
HH criteria  
Eutrophication 
Ozone depletion 
Ecotoxicity  
Smog 
CO2 eq. 
H+ moles eq. 
benzene eq. 
benzene eq. 
benzene eq. 
toluene eq. 
toluene eq. 
toluene eq. 
PM2.5 eq. 
PM2.5 eq. 
N eq. 
CFC-11 eq. 
24-D eq. 
NOx eq. 
 
 
 
Table III.2: Endpoint evaluation methods 
Method Impact category Units Comment 
Cumulative Energy Demand 
(v1.03) 
Non-renewable, fossil 
Non-renewable, nuclear 
Renewable, biomass 
Renewable, wind, solar, 
geothermic 
Renewable, water 
MJ eq 
MJ eq 
MJ eq 
MJ eq 
MJ eq 
Weighting and single score 
availability 
Eco-indicator 95 (v2.03) Greenhouse 
Ozone layer 
Acidification 
Eutrophication 
Heavy metals 
Carcinogens 
Winter smog 
Summer smog 
Pesticides 
Energy resources 
Solid waste 
kg CO2 
kg CFC11 
kg SO2 
kg PO4 
kg Pb 
kg BaP 
kg SPM 
kg C2H4 
kg act.subst 
MJ LHV 
kg 
Normalization, weighting and single 
score availability 
 
(This method is NOT fully adapted 
for inventory data from the USA 
Input Output Database 98, and 
therefore omits emissions that could 
have been included in impact 
assessment.) 
Eco-indicator 99 (v2.04) Carcinogens 
Respiratory organic 
Respiratory inorganic 
Climate change 
Radiation 
Ozone layer 
Ecotoxicity 
Acidification/Eutrophication 
Land use 
Minerals 
Fossil fuels 
DALY 
DALY 
DALY 
DALY 
DALY 
DALY 
PAF*m2yr 
PDF*m2yr 
PDF*m2yr 
MJ surplus 
MJ surplus 
Normalization, weighting and single 
score availability  
 
Human health 
Ecosystem quality 
Resources 
 
(I), (H), (E) availability 
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Method Impact category Units Comment 
Ecopoints 97 (v2.04) NOx  
SOx  
NMVOC  
NH3  
Dust PM10 
CO2 
Ozone 
Pb(air) 
Cd(air) 
Zn(air) 
Hg(air) 
COD 
P 
N 
Cr(water) 
Zn(water) 
Cu(water) 
Cd(water) 
Hg(water) 
Pb(water) 
Ni(water) 
AOX(water) 
Nitrate(soil) 
Metals(soil) 
Pesticide soil 
Waste 
Waste(special) 
LMRAD 
HRAD 
Energy 
g 
g SO2 eq 
g 
g 
g 
g CO2 eq 
g CFC11 
g 
g 
g 
g 
g 
g 
g 
g 
g 
g 
g 
g 
g 
g 
g Cl- 
g 
g Cd eq 
g act. subst. 
g 
g 
cm3 
cm3 
MJ LHV 
Normalization, weighting and single 
score availability 
EDIP/UMIP 97 (v2.03) Global warming (GWP 100) 
Ozone depletion 
Acidification 
Eutrophication 
Photochemical smog 
Ecotoxicity water chronic 
Ecotoxicity water acute 
Ecotoxicity soil chronic 
Human toxicity air 
Human toxicity water 
Human toxicity soil 
Bulk waste 
Hazardous waste 
Radioactive waste 
Slags/ashes 
Resources (all) 
g CO2 
g CFC11 
g SO2 
g NO3 
g ethane 
m3 
m3 
m3 
m3 
m3 
m3 
kg 
kg 
kg 
kg 
kg 
Normalization, weighting and single 
score availability 
EDIP/UMIP 97-resources only 
(v2.02) 
Aluminum,  
Antimony,  
Beryllium,  
Brown coal,  
Cadmium,  
Cerium,  
Coal,  
Cobalt,  
Copper,  
Gold,  
Iron,  
Lanthanum,  
Lead,  
Manganese,  
Mercury,  
Molybdenum,  
Natural gas,  
Nickel,  
Oil,  
Platinum,  
Palladium,  
Silver,  
Tantalum,  
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
Normalization, weighting and single 
score availability 
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Method Impact category Units Comment 
Tin,  
Zinc 
kg 
kg 
EDP 2007-draft version 
(v1.00) 
Global warming (GWP100) 
Ozone layer depletion 
Photochemical oxidation 
Acidification 
Eutrophication 
Non-renewable, fossil 
kg CO2 eq 
kg CFC11 eq 
kg C2H4 
kg SO2 eq 
kg PO4--- eq 
MJ eq 
 
EPS 2000 (v2.02) Life expectancy 
Severe morbidity 
Morbidity 
Severe nuisance 
Nuisance 
Crop growth capacity 
Wood growth capacity 
Fish and meat production 
Soil acidification 
Prod. cap. irrigation water 
Prod. cap. drinking water 
Depletion of reserves 
Species extension 
PersonYr 
PersonYr 
PersonYr 
PersonYr 
PersonYr 
kg 
kg 
kg 
H+ eq 
kg 
kg 
ELU 
NEX 
Weighting and single score 
availability 
 
Classification availability in the 
following groups: 
 
Human health 
Ecosystem production capacity 
Abiotic stock resources 
Biodiversity 
 
IMPACT 2002+ (v2.03) Carcinogens 
Non-carcinogens 
Respirator inorganics 
Ionizing radiation 
Ozone layer depletion 
Respirator organics 
Aquatic ecotoxicity 
Terrestrial ecotoxicity 
Terrestrial acid/nutri 
Land occupation 
Aquatic acidification 
Aquatic eutrophication 
Global warming 
Non-renewable energy 
Mineral extraction 
kg C2H3Cl 
kg C2H3Cl 
kg PM2.5 
Bq C-14 
kg CFC11 
kg ethylene 
kg TEG water 
kg TEG soil 
kg SO2 
m2org.arable 
kg SO2 
kg PO4 P-lim 
kg CO2 
MJ primary 
MJ surplus 
Normalization, weighting and single 
score availability 
 
Classification availability in the 
following groups: 
 
Human health 
Ecosystem quality 
Climate change 
Resources 
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APPENDIX IV EXAMPLE OF LCI DATA 
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Table IV.1: Eco-indicator inventory raw data for polymer material production corresponding to Figure 6.4 and Figure 6.5 
comparisons 
No Substance Compart. Sub-compartment Unit HDPE PET PP PVC (E) 
1 Energy, gross calorific value, in biomass Raw biotic kJ 85,220 539,932 100,684 192,298 
2 Peat, in ground Raw biotic g 0,268 0,015 2,570 0,857 
3 Wood, hard, standing Raw biotic cm3 0,009 4,748 0,011 0,016 
4 Wood, soft, standing Raw biotic cm3 0,410 51,738 0,585 0,333 
5 Wood, unspec., standing/m3 Raw biotic mm3 4,590 2,514 3,740 352,001 
6 Carbon dioxide, in air Raw in air g 0,347 47,849 0,494 0,292 
7 Energy, kinetic, flow, in wind Raw in air kJ 0,059 175,266 0,068 0,137 
8 Energy, solar Raw in air kJ 0,001 2,347 0,001 0,006 
9 Aluminum, 24% in bauxite, 11%,crude ore Raw in ground g 8,641 1,024 0,562 0,066 
10 Anhydrite Raw in ground mg 2,500 12,976 2,610 4,470 
11 Barite, 15%,crude ore Raw in ground mg 0,941 974,735 0,861 43,048 
12 Basalt Raw in ground g 0,001 3,006 0,001 0,002 
13 Borax Raw in ground µg 0,025 458,923 0,024 0,079 
14 Calcite Raw in ground g 3,697 36,024 2,559 29,904 
15 Chromium, 25.5 in chromite, 11.6%,crude ore Raw in ground g 0,000 1,203 0,000 0,001 
16 Chrysotile Raw in ground µg 0,749 53,473 0,532 2,113 
17 Cinnabar Raw in ground µg 0,066 4,911 0,044 0,194 
18 Clay, bentonite Raw in ground mg 36,253 470,184 42,269 53,589 
19 Clay, unspec. Raw in ground g 1,062 66,918 0,801 6,531 
20 Coal, brown Raw in ground g 6,910 241,070 3,973 136,184 
21 Coal, hard, unspec. Raw in ground g 88,645 211,815 63,409 352,431 
22 Cobalt Raw in ground µg 0,002 1,105 0,002 0,009 
23 Colemanite Raw in ground µg 0,288 749,099 0,263 0,991 
24 Copper, 0.99% in sulfide, Cu 0.36% and Mo 8.2E-3%,crude ore Raw in ground mg 0,009 55,495 0,008 45,233 
25 Copper, 1.18% in sulfide, Cu 0.39% and Mo 8.2E-3%,crude ore Raw in ground mg 0,047 307,763 0,046 0,184 
26 Copper, 1.42% in sulfide, Cu 0.81% and Mo 8.2E-3%,crude ore Raw in ground mg 0,013 81,527 0,012 0,049 
27 Copper, 2.19% in sulfide, Cu 1.83% and Mo 8.2E-3%,crude ore Raw in ground mg 0,062 404,943 0,061 0,242 
28 Diatomite Raw in ground ng 0,101 228,469 0,087 0,454 
29 Dolomite Raw in ground mg 3,733 52,338 4,463 5,293 
30 Feldspar Raw in ground µg 0,000 289,798 0,001 0,001 
31 Fluorine, 4.5% in apatite, 1%,crude ore Raw in ground mg 0,004 4,557 0,005 0,006 
32 Fluorine, 4.5% in apatite, 3%,crude ore Raw in ground mg 0,004 2,019 0,005 0,004 
33 Fluorspar, 92% Raw in ground mg 645,033 127,977 31,829 1,121 
34 Gas, mine, off-gas, process, coal mining/m3 Raw in ground l 0,009 1,950 0,011 0,019 
35 Gas, natural Raw in ground m3 0,561 1,035 0,733 0,688 
36 Granite Raw in ground mg 616,002 0,610 26,802 0,045 
37 Gravel Raw in ground g 3,254 282,566 2,412 19,185 
38 Gypsum Raw in ground mg 8,568 6,499 12,335 6,300 
39 Iron, 46%,ore, 25%,crude ore Raw in ground g 1,094 19,502 1,483 1,043 
40 Kaolinite, 24%,crude ore Raw in ground mg 0,014 8,585 0,018 0,030 
41 Kieserite, 25%,crude ore Raw in ground µg 0,191 57,689 0,252 0,289 
42 Lead, 5%, in sulfide, Pb 2.97% and Zn 5.34%,crude ore Raw in ground mg 0,537 134,837 0,371 1,912 
43 Magnesite, 60%,crude ore Raw in ground mg 1,120 280,030 0,845 6,583 
44 Manganese, 35.7% in sedimentary deposit, 14.2%,crude ore Raw in ground mg 0,223 127,143 0,207 0,566 
45 Molybdenum, 0.010% in sulfide, Mo 8.2E-3% and Cu 1.83%,crude ore Raw in ground mg 0,001 7,525 0,001 0,004 
46 Molybdenum, 0.014% in sulfide, Mo 8.2E-3% and Cu 0.81%,crude ore Raw in ground mg 0,000 1,071 0,000 0,001 
47 Molybdenum, 0.022% in sulfide, Mo 8.2E-3% and Cu 0.36%,crude ore Raw in ground mg 0,020 44,441 0,021 0,065 
48 Molybdenum, 0.025% in sulfide, Mo 8.2E-3% and Cu 0.39%,crude ore Raw in ground mg 0,001 3,929 0,001 0,002 
49 Molybdenum, 0.11% in sulfide, Mo 4.1E-2% and Cu 0.36%,crude ore Raw in ground mg 0,039 89,692 0,042 0,131 
50 Nickel, 1.13% in sulfide, Ni 0.76% and Cu 0.76%,crude ore Raw in ground mg 0,002 1,014 0,001 0,008 
51 Nickel, 1.98% in silicates, 1.04%,crude ore Raw in ground g 0,008 2,941 0,012 0,008 
52 Oil, crude Raw in ground kg 1,100 0,622 0,941 0,402 
53 Olivine Raw in ground mg 1,210 3,916 1,070 2,770 
54 Pd,Pd 2.0E-4%,Pt 4.8E-4%,Rh 2.4E-5%,Ni 3.7E-2%,Cu 5.2E-2%,ore Raw in ground ng 0,285 173,035 0,340 0,708 
55 Pd,Pd 7.3E-4%,Pt 2.5E-4%,Rh 2.0E-5%,Ni 2.3E+0%,Cu 3.2E+0%,ore Raw in ground ng 0,685 415,853 0,817 1,701 
56 Phosphorus, 18% in apatite, 12%,crude ore Raw in ground mg 0,185 8,344 0,158 0,518 
57 Phosphorus, 18% in apatite, 4%,crude ore Raw in ground mg 0,015 18,228 0,020 0,022 
58 Pt,Pt 2.5E-4%,Pd 7.3E-4%,Rh 2.0E-5%,Ni 2.3E+0%,Cu 3.2E+0%,ore Raw in ground ng 0,009 6,430 0,011 0,024 
59 Pt,Pt 4.8E-4%,Pd 2.0E-4%,Rh 2.4E-5%,Ni 3.7E-2%,Cu 5.2E-2%,ore Raw in ground ng 0,034 23,050 0,040 0,088 
60 Rh,Rh 2.0E-5%,Pt 2.5E-4%,Pd 7.3E-4%,Ni 2.3E+0%,Cu 3.2E+0%,ore Raw in ground ng 0,006 3,946 0,008 0,016 
61 Rh,Rh 2.4E-5%,Pt 4.8E-4%,Pd 2.0E-4%,Ni 3.7E-2%,Cu 5.2E-2%,ore Raw in ground ng 0,020 12,360 0,024 0,050 
62 Rhenium,,crude ore Raw in ground ng 0,008 4,949 0,008 0,032 
63 Rutile Raw in ground µg 0,000 289,712 0,001 0,000 
64 Sand, unspec. Raw in ground mg 151,009 57,308 130,012 250,011 
65 Shale Raw in ground mg 7,061 37,528 7,381 12,701 
66 Silver, 0.01%,crude ore Raw in ground ng 0,619 981,156 0,592 2,618 
67 Sodium chloride Raw in ground g 33,227 3,720 2,739 619,077 
68 Sodium sulphate, various forms Raw in ground mg 0,008 37,428 0,006 0,028 
69 Stibnite Raw in ground ng 0,011 23,743 0,009 0,047 
70 Sulfur Raw in ground g 0,327 0,022 0,059 1,810 
71 Sylvite, 25 % in sylvinite Raw in ground g 0,001 0,026 0,001 32,000 
72 Talc Raw in ground µg 1,384 746,100 1,718 2,792 
73 Tin, 79% in cassiterite, 0.1%,crude ore Raw in ground mg 0,001 2,427 0,001 0,005 
74 TiO2, 45-60% in Ilmenite, in ground Raw in ground mg 3,173 105,330 4,474 2,560 
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No Substance Compart. Sub-compartment Unit HDPE PET PP PVC (E) 
75 Ulexite Raw in ground µg 0,029 85,008 0,033 0,067 
76 Uranium Raw in ground mg 9,167 13,018 5,337 16,025 
77 Vermiculite Raw in ground µg 0,206 339,538 0,177 1,092 
78 Volume occupied, final repository for low-active radioactive waste Raw in ground mm3 0,013 25,877 0,013 0,050 
79 Volume occupied, final repository for radioactive waste Raw in ground mm3 0,003 6,506 0,003 0,011 
80 Volume occupied, underground deposit Raw in ground cm3 4,863 0,679 7,000 3,575 
81 Zinc 9%, in sulfide, Zn 5.34% and Pb 2.97%,crude ore Raw in ground mg 0,129 649,049 0,131 0,420 
82 Energy, potential, stock, in barrage water Raw in water MJ 1,001 1,165 0,534 0,823 
83 Magnesium, 0.13% in water Raw in water µg 0,078 10,255 0,111 0,066 
84 Volume occupied, reservoir Raw in water m3day 0,005 5,799 0,004 0,024 
85 Water, cooling, unspec. natural origin/m3 Raw in water l 52,115 107,773 58,717 74,734 
86 Water, lake Raw in water cm3 0,216 356,358 0,185 1,146 
87 Water, river Raw in water l 0,010 6,723 0,009 1,092 
88 Water, salt, ocean Raw in water l 0,104 1,052 0,102 0,166 
89 Water, salt, sole Raw in water cm3 0,140 114,387 0,127 0,646 
90 Water, turbine use, unspec. natural origin Raw in water m3 0,007 7,534 0,006 0,031 
91 Water, unspec. natural origin/m3 Raw in water l 3,138 7,878 2,239 6,470 
92 Water, well, in ground Raw in water l 0,002 1,851 0,002 0,379 
93 Occupation, arable, non-irrigated Raw land mm2a 6,744 83,807 9,689 5,099 
94 Occupation, construction site Raw land mm2a 4,322 202,477 3,016 27,353 
95 Occupation, dump site Raw land cm2a 0,302 25,658 0,238 1,702 
96 Occupation, dump site, benthos Raw land mm2a 0,051 106,828 0,052 0,169 
97 Occupation, forest, intensive Raw land mm2a 1,747 552,720 2,245 2,598 
98 Occupation, forest, intensive, normal Raw land m2a 0,001 0,108 0,001 0,001 
99 Occupation, industrial area Raw land cm2a 0,029 11,608 0,038 0,050 
100 Occupation, industrial area, benthos Raw land mm2a 0,000 0,913 0,000 0,002 
101 Occupation, industrial area, built up Raw land cm2a 0,017 30,178 0,021 0,035 
102 Occupation, industrial area, vegetation Raw land mm2a 1,429 974,194 1,503 5,247 
103 Occupation, mineral extraction site Raw land cm2a 0,105 11,279 0,085 0,572 
104 Occupation, permanent crop, fruit, intensive Raw land mm2a 0,020 11,830 0,021 0,069 
105 Occupation, shrub land, sclerophyllous Raw land mm2a 4,298 47,467 2,985 27,222 
106 Occupation, traffic area, rail embankment Raw land mm2a 0,669 909,603 0,803 1,596 
107 Occupation, traffic area, rail network Raw land cm2a 0,007 10,058 0,009 0,018 
108 Occupation, traffic area, road embankment Raw land cm2a 0,091 11,589 0,129 0,084 
109 Occupation, traffic area, road network Raw land mm2a 39,108 776,403 27,584 251,405 
110 Occupation, urban, discontinuously built Raw land mm2a 0,006 0,098 0,008 0,004 
111 Occupation, water bodies, artificial Raw land cm2a 0,029 15,818 0,025 0,140 
112 Occupation, water courses, artificial Raw land mm2a 1,058 811,615 1,086 4,040 
113 Transformation, from arable Raw land mm2 0,000 0,888 0,000 0,002 
114 Transformation, from arable, non-irrigated Raw land mm2 12,473 154,886 17,918 9,429 
115 Transformation, from arable, non-irrigated, fallow Raw land mm2 0,000 0,114 0,000 0,000 
116 Transformation, from dump site, inert material landfill Raw land mm2 0,011 6,140 0,009 0,011 
117 Transformation, from dump site, residual material landfill Raw land mm2 0,811 3,217 0,566 5,370 
118 Transformation, from dump site, sanitary landfill Raw land mm2 0,002 0,097 0,001 0,002 
119 Transformation, from dump site, slag compartment Raw land mm2 0,035 0,034 0,020 0,053 
120 Transformation, from forest Raw land mm2 0,220 242,628 0,205 0,969 
121 Transformation, from forest, extensive Raw land mm2 7,478 893,499 10,657 6,276 
122 Transformation, from industrial area Raw land mm2 0,001 2,577 0,001 0,003 
123 Transformation, from industrial area, benthos Raw land mm2 0,000 0,007 0,000 0,000 
124 Transformation, from industrial area, built up Raw land mm2 0,000 0,007 0,000 0,000 
125 Transformation, from industrial area, vegetation Raw land mm2 0,000 0,011 0,000 0,000 
126 Transformation, from mineral extraction site Raw land mm2 0,293 26,417 0,216 1,760 
127 Transformation, from pasture and meadow Raw land mm2 1,361 21,662 0,949 8,688 
128 Transformation, from pasture and meadow, intensive Raw land mm2 0,010 0,125 0,014 0,008 
129 Transformation, from sea and ocean Raw land mm2 0,051 106,982 0,052 0,170 
130 Transformation, from shrub land, sclerophyllous Raw land mm2 0,862 14,000 0,600 5,454 
131 Transformation, from unknown Raw land mm2 1,398 243,632 1,186 7,124 
132 Transformation, to arable Raw land mm2 0,022 23,506 0,021 0,095 
133 Transformation, to arable, non-irrigated Raw land mm2 12,483 155,011 17,932 9,437 
134 Transformation, to arable, non-irrigated, fallow Raw land mm2 0,004 0,368 0,003 0,024 
135 Transformation, to dump site Raw land mm2 0,039 19,166 0,051 0,064 
136 Transformation, to dump site, benthos Raw land mm2 0,051 106,828 0,052 0,169 
137 Transformation, to dump site, inert material landfill Raw land mm2 0,011 6,140 0,009 0,011 
138 Transformation, to dump site, residual material landfill Raw land mm2 0,811 3,217 0,566 5,370 
139 Transformation, to dump site, sanitary landfill Raw land mm2 0,002 0,097 0,001 0,002 
140 Transformation, to dump site, slag compartment Raw land mm2 0,035 0,034 0,020 0,053 
141 Transformation, to forest Raw land mm2 1,124 21,516 0,785 7,076 
142 Transformation, to forest, intensive Raw land mm2 0,012 3,682 0,015 0,017 
143 Transformation, to forest, intensive, normal Raw land mm2 7,392 880,738 10,537 6,195 
144 Transformation, to heterogeneous, agricultural Raw land mm2 0,011 11,007 0,010 0,052 
145 Transformation, to industrial area Raw land mm2 0,060 16,376 0,080 0,094 
146 Transformation, to industrial area, benthos Raw land mm2 0,000 0,154 0,000 0,000 
147 Transformation, to industrial area, built up Raw land mm2 0,034 60,795 0,040 0,071 
148 Transformation, to industrial area, vegetation Raw land mm2 0,029 20,037 0,030 0,106 
149 Transformation, to mineral extraction site Raw land mm2 1,219 315,257 1,003 6,432 
150 Transformation, to pasture and meadow Raw land mm2 0,000 1,191 0,000 0,001 
151 Transformation, to permanent crop, fruit, intensive Raw land mm2 0,000 0,194 0,000 0,001 
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152 Transformation, to sea and ocean Raw land mm2 0,000 0,007 0,000 0,000 
153 Transformation, to shrub land, sclerophyllous Raw land mm2 0,858 9,488 0,596 5,436 
154 Transformation, to traffic area, rail embankment Raw land mm2 0,002 2,117 0,002 0,004 
155 Transformation, to traffic area, rail network Raw land mm2 0,002 2,326 0,002 0,004 
156 Transformation, to traffic area, road embankment Raw land mm2 0,074 9,007 0,105 0,064 
157 Transformation, to traffic area, road network Raw land mm2 0,515 8,585 0,362 3,325 
158 Transformation, to unknown Raw land mm2 0,022 5,059 0,019 0,117 
159 Transformation, to urban, discontinuously built Raw land mm2 0,000 0,002 0,000 0,000 
160 Transformation, to water bodies, artificial Raw land mm2 0,203 26,496 0,153 1,174 
161 Transformation, to water courses, artificial Raw land mm2 0,012 9,698 0,012 0,046 
162 Acetic acid Air  mg 0,001 219,245 0,001 0,001 
163 Aluminium Air  mg 0,188 41,081 0,243 0,354 
164 Ammonia Air  mg 0,135 26,103 0,141 0,510 
165 Antimony Air  ng 4,333 31,080 3,015 28,708 
166 Arsenic Air  ng 25,996 186,799 18,090 172,250 
167 Benzene Air  mg 0,003 1,695 0,003 0,010 
168 Benzene, hexachloro- Air  ng 0,154 187,739 0,148 0,477 
169 Benzo(a)pyrene Air  µg 0,001 1,713 0,001 0,006 
170 Beryllium Air  ng 6,499 46,621 4,523 43,062 
171 Butadiene Air  pg 0,035 21,184 0,041 0,086 
172 Cadmium Air  µg 0,031 1,148 0,032 0,117 
173 Carbon dioxide, biogenic Air  mg 32,711 234,657 22,763 216,746 
174 Carbon dioxide, fossil Air  g 2,512 100,977 2,161 13,244 
175 Carbon monoxide, biogenic Air  mg 0,025 49,454 0,027 0,079 
176 Carbon monoxide, fossil Air  g 0,025 1,039 0,035 0,027 
177 Chlorine Air  ng 0,020 36,674 0,022 0,065 
178 Chromium Air  µg 0,189 27,007 0,257 0,228 
179 Chromium VI Air  ng 1,203 13,677 0,839 7,944 
180 Cobalt Air  ng 8,694 106,383 6,063 57,503 
181 Copper Air  µg 0,200 38,640 0,214 0,671 
182 Dinitrogen monoxide Air  mg 0,010 9,972 0,010 0,042 
183 Dioxins, measured as 2,3,7,8-tetrachlorodibenzo-p-dioxin Air  pg 7,280 165,356 8,870 17,918 
184 Ethane, 1,1,1,2-tetrafluoro-, HFC-134a Air  µg 0,264 121,575 0,229 1,164 
185 Ethane, hexafluoro-, HFC-116 Air  µg 0,008 15,100 0,008 0,024 
186 Ethylene oxide Air  pg 0,334 204,785 0,398 0,832 
187 Ethyne Air  µg 0,001 3,540 0,001 0,003 
188 Fluorine Air  pg 0,148 242,021 0,143 0,616 
189 Formaldehyde Air  µg 0,959 732,942 1,314 1,178 
190 Heat, waste Air  MJ 0,014 1,674 0,012 0,069 
191 Helium Air  pg 0,022 0,665 0,030 0,017 
192 Hydrocarbons, aliphatic, alkanes, unspec. Air  mg 0,142 2,331 0,203 0,109 
193 Hydrocarbons, aromatic Air  µg 0,592 722,794 0,569 1,836 
194 Hydrocarbons, chlorinated Air  µg 0,014 19,209 0,015 0,050 
195 Hydrogen Air  mg 0,000 12,979 0,000 0,000 
196 Hydrogen chloride Air  mg 0,053 5,776 0,064 0,131 
197 Hydrogen fluoride Air  µg 8,015 983,379 11,363 6,964 
198 Hydrogen sulfide Air  µg 7,478 156,134 10,699 5,827 
199 Iron Air  µg 0,114 145,885 0,109 0,352 
200 Lead Air  µg 3,047 110,690 4,213 3,518 
201 Manganese Air  µg 0,673 19,372 0,962 0,532 
202 Mercury Air  µg 0,144 22,700 0,146 0,570 
203 Methane, fossil Air  mg 0,028 223,912 0,022 0,159 
204 Methane, tetrafluoro-, FC-14 Air  µg 0,069 135,903 0,075 0,218 
205 Methanol Air  mg 0,000 110,499 0,000 0,001 
206 Molybdenum Air  pg 0,342 741,411 0,362 1,136 
207 Nickel Air  µg 0,058 16,099 0,066 0,158 
208 Nitrogen oxides Air  mg 5,392 901,858 4,828 25,961 
209 NMVOC, non-methane volatile organic compounds, unspec. origin Air  mg 0,490 132,579 0,447 2,223 
210 Ozone Air  mg 0,003 6,884 0,003 0,011 
211 PAH, polycyclic aromatic hydrocarbons Air  µg 0,445 68,015 0,588 0,697 
212 Particulates, < 2.5 um Air  mg 0,377 51,751 0,465 0,819 
213 Particulates, > 10 um Air  mg 0,105 85,080 0,107 0,367 
214 Particulates, > 2.5 um, and < 10um Air  mg 0,080 90,040 0,091 0,224 
215 Phenol Air  µg 0,008 5,765 0,010 0,009 
216 Phosphorus Air  ng 0,022 38,920 0,023 0,069 
217 Platinum Air  pg 0,028 8,642 0,031 0,083 
218 Polychlorinated biphenyls Air  ng 4,890 316,010 6,912 4,224 
219 Selenium Air  ng 4,818 204,954 3,449 30,872 
220 Silicon Air  pg 0,085 2,625 0,120 0,069 
221 Sodium Air  ng 0,035 38,230 0,038 0,114 
222 Sulfate Air  ng 0,167 118,751 0,163 0,674 
223 Sulfur dioxide Air  mg 1,876 53,623 2,095 6,130 
224 Sulfur hexafluoride Air  µg 0,040 112,347 0,042 0,130 
225 Thallium Air  ng 28,161 202,023 19,598 186,603 
226 Tin Air  µg 0,022 5,652 0,016 0,139 
227 Titanium Air  ng 11,741 244,817 16,799 9,148 
228 Toluene Air  µg 1,119 664,388 1,074 4,286 
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229 Vanadium Air  ng 43,172 752,040 53,808 96,969 
230 water Air  mg 0,290 63,119 0,373 0,545 
231 Xylene Air  µg 1,101 657,829 1,052 4,250 
232 Zinc Air  µg 1,062 615,227 1,268 2,468 
233 Acenaphthene Air high. pop. ng 0,000 1,594 0,001 0,001 
234 Acetaldehyde Air high. pop. mg 0,000 1,070 0,000 0,000 
235 Acetic acid Air high. pop. mg 0,001 3,381 0,001 0,002 
236 Acetone Air high. pop. µg 0,098 570,547 0,109 0,252 
237 Acrolein Air high. pop. ng 1,170 38,064 0,856 7,297 
238 Aldehydes, unspec. Air high. pop. µg 3,748 299,605 3,212 7,884 
239 Aluminium Air high. pop. mg 0,052 10,510 0,032 0,077 
240 Ammonia Air high. pop. mg 0,048 2,508 0,030 679,100 
241 Ammonium carbonate Air high. pop. µg 0,000 2,785 0,000 0,001 
242 Antimony Air high. pop. µg 0,000 1,573 0,001 0,002 
243 Arsenic Air high. pop. µg 0,013 62,614 0,016 1,888 
244 Barium Air high. pop. µg 0,186 124,402 0,138 0,681 
245 Benzaldehyde Air high. pop. ng 0,610 19,859 0,447 3,807 
246 Benzene Air high. pop. mg 0,004 3,908 0,004 0,013 
247 Benzene, ethyl- Air high. pop. µg 0,343 197,287 0,301 1,670 
248 Benzene, hexachloro- Air high. pop. ng 3,999 25,431 2,308 8,272 
249 Benzene, pentachloro- Air high. pop. ng 10,040 63,837 5,793 20,766 
250 Benzo(a)pyrene Air high. pop. ng 0,201 216,830 0,237 0,301 
251 Beryllium Air high. pop. µg 0,000 1,290 0,001 0,002 
252 Boron Air high. pop. µg 3,681 471,833 2,211 5,434 
253 Bromine Air high. pop. µg 0,239 21,766 0,163 0,751 
254 Butane Air high. pop. mg 0,015 14,071 0,013 0,074 
255 Butene Air high. pop. µg 0,329 192,873 0,282 1,655 
256 Cadmium Air high. pop. µg 0,013 82,002 0,012 1,530 
257 Calcium Air high. pop. mg 0,062 2,178 0,037 0,092 
258 Carbon dioxide, biogenic Air high. pop. g 4,810 45,017 6,361 8,989 
259 Carbon dioxide, fossil Air high. pop. kg 1,752 1,930 1,852 2,479 
260 Carbon disulfide Air high. pop. µg 0,069 289,751 0,063 1,270 
261 Carbon monoxide, biogenic Air high. pop. mg 1,415 7,466 2,135 3,130 
262 Carbon monoxide, fossil Air high. pop. g 0,820 0,879 0,720 1,251 
263 Chlorine Air high. pop. mg 0,485 0,577 0,302 5,013 
264 Chloroform Air high. pop. ng 0,168 274,983 0,157 0,740 
265 Chromium Air high. pop. µg 0,015 72,350 0,018 254,031 
266 Chromium VI Air high. pop. µg 0,001 3,398 0,001 0,001 
267 Cobalt Air high. pop. µg 0,021 119,084 0,023 0,057 
268 Copper Air high. pop. µg 0,222 599,145 0,187 33,639 
269 Cumene Air high. pop. µg 0,444 349,293 0,565 0,796 
270 Cyanide Air high. pop. µg 11,670 333,757 6,787 30,467 
271 Dinitrogen monoxide Air high. pop. mg 0,520 15,443 0,106 0,291 
272 Dioxins, measured as 2,3,7,8-tetrachlorodibenzo-p-dioxin Air high. pop. pg 31,213 234,284 18,025 64,553 
273 Ethane Air high. pop. mg 0,005 6,217 0,005 0,019 
274 Ethane, 1,1,1,2-tetrafluoro-, HFC-134a Air high. pop. pg 0,217 358,090 0,195 1,060 
275 Ethane, 1,2-dichloro- Air high. pop. mg 0,000 0,355 0,000 93,600 
276 Ethanol Air high. pop. mg 0,000 1,151 0,000 0,000 
277 Ethene Air high. pop. mg 0,002 61,511 0,002 0,327 
278 Ethene, chloro- Air high. pop. mg 0,000 0,428 0,000 770,000 
279 Ethylene diamine Air high. pop. ng 0,003 1,156 0,003 0,005 
280 Ethylene oxide Air high. pop. mg 0,000 4,877 0,000 0,000 
281 Ethyne Air high. pop. µg 0,140 490,210 0,191 0,168 
282 Fluorine Air high. pop. µg 505,016 295,910 24,521 86,126 
283 Fluosilicic acid Air high. pop. µg 0,009 17,652 0,010 0,028 
284 Formaldehyde Air high. pop. mg 0,001 2,973 0,001 0,002 
285 Heat, waste Air high. pop. MJ 31,449 33,735 28,231 43,039 
286 Heptane Air high. pop. mg 0,003 1,928 0,003 0,017 
287 Hexane Air high. pop. mg 0,009 5,726 0,008 0,037 
288 Hydrocarbons, aliphatic, alkanes, cyclic Air high. pop. µg 0,001 291,211 0,002 0,004 
289 Hydrocarbons, aliphatic, alkanes, unspec. Air high. pop. mg 0,003 4,454 0,005 0,006 
290 Hydrocarbons, aliphatic, unsaturated Air high. pop. µg 1,022 975,050 1,416 1,103 
291 Hydrocarbons, aromatic Air high. pop. mg 143,002 359,966 2,522 5,594 
292 Hydrocarbons, chlorinated Air high. pop. mg 0,084 0,301 0,002 17,500 
293 Hydrogen Air high. pop. mg 99,812 33,280 77,410 627,031 
294 Hydrogen chloride Air high. pop. mg 47,814 50,457 33,019 174,019 
295 Hydrogen fluoride Air high. pop. mg 2,321 1,961 1,491 6,201 
296 Hydrogen sulfide Air high. pop. mg 1,890 1,342 1,480 1,860 
297 Iodine Air high. pop. µg 0,003 11,175 0,004 0,004 
298 Iron Air high. pop. mg 0,002 4,818 0,002 0,004 
299 Isocyanic acid Air high. pop. µg 0,009 14,586 0,011 0,024 
300 Lead Air high. pop. µg 0,151 538,168 0,136 66,255 
301 Lead-210 Air high. pop. mBq 0,013 45,579 0,018 0,015 
302 m-Xylene Air high. pop. µg 0,032 14,147 0,045 0,033 
303 Magnesium Air high. pop. mg 0,015 3,769 0,010 0,022 
304 Manganese Air high. pop. µg 0,056 54,087 0,077 0,061 
305 Mercury Air high. pop. µg 344,032 334,561 391,032 603,072 
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306 Methane, biogenic Air high. pop. mg 5,888 1,267 15,111 15,126 
307 Methane, chlorodifluoro-, HCFC-22 Air high. pop. ng 0,003 5,080 0,003 0,015 
308 Methane, dichloro-, HCC-30 Air high. pop. ng 0,005 8,551 0,005 247,022 
309 Methane, dichlorodifluoro-, CFC-12 Air high. pop. ng 0,003 3,238 0,003 0,012 
310 Methane, dichlorofluoro-, HCFC-21 Air high. pop. pg 0,001 1,019 0,001 0,003 
311 Methane, fossil Air high. pop. g 5,690 3,220 6,040 8,270 
312 Methane, monochloro-, R-40 Air high. pop. pg 0,009 26,674 0,007 0,027 
313 Methane, tetrachloro-, CFC-10 Air high. pop. ng 4,342 563,918 5,085 6,063 
314 Methane, trichlorofluoro-, CFC-11 Air high. pop. pg 0,001 1,654 0,001 0,005 
315 Methane, trifluoro-, HFC-23 Air high. pop. pg 0,197 324,161 0,177 0,960 
316 Methanol Air high. pop. mg 0,001 1,652 0,000 0,002 
317 Molybdenum Air high. pop. µg 0,024 50,499 0,018 0,047 
318 Monoethanolamine Air high. pop. µg 0,012 55,952 0,012 0,045 
319 Nickel Air high. pop. mg 0,000 1,802 0,000 0,318 
320 Nitrate Air high. pop. µg 0,008 1,862 0,011 0,016 
321 Nitrogen oxides Air high. pop. g 9,902 5,123 9,582 10,005 
322 NMVOC, non-methane volatile organic compounds, unspec. origin Air high. pop. g 5,931 2,096 2,351 2,481 
323 Ozone Air high. pop. µg 0,007 11,587 0,006 0,037 
324 PAH, polycyclic aromatic hydrocarbons Air high. pop. µg 0,016 74,581 0,018 0,033 
325 Paraffins Air high. pop. ng 0,002 12,624 0,002 0,010 
326 Particulates, < 2.5 um Air high. pop. g 0,722 0,259 0,372 1,210 
327 Particulates, > 10 um Air high. pop. g 0,924 0,224 0,477 1,550 
328 Particulates, > 2.5 um, and < 10um Air high. pop. g 1,240 0,276 0,640 2,080 
329 Pentane Air high. pop. mg 0,021 20,602 0,018 0,097 
330 Phenol Air high. pop. µg 0,140 34,202 0,195 0,148 
331 Phenol, pentachloro- Air high. pop. ng 1,101 7,943 0,637 2,275 
332 Phosphorus Air high. pop. µg 3,775 101,190 2,240 5,570 
333 Platinum Air high. pop. pg 0,034 11,280 0,026 0,203 
334 Polonium-210 Air high. pop. mBq 0,024 83,317 0,032 0,027 
335 Potassium Air high. pop. mg 0,032 4,007 0,024 0,045 
336 Potassium-40 Air high. pop. mBq 0,004 13,233 0,005 0,004 
337 Propanal Air high. pop. ng 0,610 19,859 0,447 3,807 
338 Propane Air high. pop. mg 0,015 11,732 0,013 0,071 
339 Propene Air high. pop. mg 0,001 1,010 0,001 0,004 
340 Propionic acid Air high. pop. µg 0,025 139,616 0,026 0,053 
341 Propylene oxide Air high. pop. µg 0,013 6,668 0,011 0,054 
342 Radioactive species, other beta emitters Air high. pop. mBq 0,163 366,446 0,140 0,728 
343 Radium-226 Air high. pop. mBq 0,003 11,762 0,005 0,004 
344 Radium-228 Air high. pop. mBq 0,018 63,712 0,025 0,021 
345 Radon-220 Air high. pop. µBq 0,278 980,249 0,381 0,323 
346 Radon-222 Air high. pop. µBq 0,278 980,249 0,381 0,323 
347 Scandium Air high. pop. µg 0,000 1,235 0,000 0,000 
348 Selenium Air high. pop. µg 0,008 42,973 0,009 0,026 
349 Silicon Air high. pop. mg 0,154 15,557 0,091 0,227 
350 Silver Air high. pop. ng 0,038 0,359 0,022 247,057 
351 Sodium Air high. pop. mg 0,038 2,877 0,022 0,087 
352 Sodium chlorate Air high. pop. µg 0,000 1,762 0,000 0,002 
353 Sodium dichromate Air high. pop. µg 0,002 1,912 0,001 0,006 
354 Sodium formate Air high. pop. ng 0,128 87,924 0,138 0,285 
355 Strontium Air high. pop. µg 0,053 186,276 0,073 0,081 
356 Sulfate Air high. pop. mg 0,023 4,810 0,032 0,024 
357 Sulfur dioxide Air high. pop. g 13,701 5,176 12,901 11,402 
358 t-Butyl methyl ether Air high. pop. µg 0,015 2,143 0,020 0,017 
359 Thallium Air high. pop. µg 0,000 1,551 0,001 0,001 
360 Thorium Air high. pop. µg 0,001 1,862 0,001 0,001 
361 Thorium-228 Air high. pop. mBq 0,002 5,391 0,002 0,002 
362 Thorium-232 Air high. pop. mBq 0,001 3,431 0,001 0,001 
363 Tin Air high. pop. µg 0,308 1,283 0,177 0,535 
364 Titanium Air high. pop. µg 0,137 377,717 0,184 2,384 
365 Toluene Air high. pop. mg 0,006 2,516 0,004 0,018 
366 Uranium Air high. pop. µg 0,001 2,480 0,001 0,001 
367 Uranium-238 Air high. pop. mBq 0,003 9,802 0,004 0,003 
368 Vanadium Air high. pop. mg 0,001 6,972 0,001 0,002 
369 Xylene Air high. pop. µg 1,378 874,799 1,214 6,701 
370 Zinc Air high. pop. µg 0,332 572,615 0,304 6,937 
371 Acetone Air low. pop. µg 0,034 97,998 0,039 0,086 
372 Acrolein Air low. pop. ng 0,042 120,938 0,048 0,106 
373 Actinides, radioactive, unspec. Air low. pop. nBq 0,120 276,168 0,127 0,396 
374 Aerosols, radioactive, unspec. Air low. pop. mBq 0,002 5,323 0,002 0,007 
375 Aldehydes, unspec. Air low. pop. µg 0,005 9,979 0,005 0,019 
376 Aluminum Air low. pop. µg 5,558 139,032 7,948 4,351 
377 Ammonia Air low. pop. mg 0,015 9,627 0,020 0,019 
378 Antimony Air low. pop. µg 0,006 32,291 0,006 0,020 
379 Antimony-124 Air low. pop. nBq 0,089 29,428 0,069 0,529 
380 Antimony-125 Air low. pop. nBq 0,931 307,109 0,717 5,521 
381 Argon-41 Air low. pop. Bq 0,001 3,349 0,001 0,003 
382 Arsenic Air low. pop. µg 0,119 257,920 0,152 0,215 
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383 Barium Air low. pop. µg 0,089 76,512 0,122 0,103 
384 Barium-140 Air low. pop. µBq 0,061 19,977 0,047 0,359 
385 Benzene Air low. pop. mg 0,004 3,603 0,006 0,006 
386 Benzo(a)pyrene Air low. pop. µg 0,023 18,522 0,031 0,029 
387 Beryllium Air low. pop. ng 0,877 155,728 1,242 0,771 
388 Boron Air low. pop. mg 0,002 7,624 0,003 0,005 
389 Bromine Air low. pop. µg 0,153 465,689 0,180 0,337 
390 Butadiene Air low. pop. pg 0,002 1,494 0,003 0,006 
391 Butane Air low. pop. mg 0,001 2,114 0,001 0,002 
392 Cadmium Air low. pop. µg 0,015 76,016 0,015 0,050 
393 Calcium Air low. pop. µg 0,658 17,189 0,940 0,520 
394 Carbon-14 Air low. pop. Bq 0,012 22,319 0,012 0,046 
395 Carbon dioxide, biogenic Air low. pop. mg 0,039 88,255 0,042 0,132 
396 Carbon dioxide, fossil Air low. pop. g 0,341 470,417 0,408 0,781 
397 Carbon disulfide Air low. pop. mg 0,002 7,729 0,002 0,007 
398 Carbon monoxide, biogenic Air low. pop. mg 0,001 1,661 0,001 0,005 
399 Carbon monoxide, fossil Air low. pop. mg 1,211 257,755 1,631 1,606 
400 Cerium-141 Air low. pop. µBq 0,015 4,843 0,011 0,087 
401 Cesium-134 Air low. pop. nBq 0,703 231,942 0,541 4,170 
402 Cesium-137 Air low. pop. µBq 0,012 4,112 0,010 0,074 
403 Chlorine Air low. pop. pg 0,357 681,149 0,387 1,132 
404 Chromium Air low. pop. mg 0,001 3,990 0,000 0,002 
405 Chromium-51 Air low. pop. nBq 0,941 310,330 0,724 5,579 
406 Chromium VI Air low. pop. µg 0,012 100,229 0,011 0,044 
407 Cobalt Air low. pop. µg 0,153 58,248 0,213 0,145 
408 Cobalt-58 Air low. pop. nBq 1,310 432,148 1,009 7,769 
409 Cobalt-60 Air low. pop. µBq 0,012 3,818 0,009 0,069 
410 Copper Air low. pop. µg 0,606 864,156 0,805 0,881 
411 Cyanide Air low. pop. µg 0,008 51,562 0,008 0,026 
412 Dinitrogen monoxide Air low. pop. mg 0,012 10,082 0,015 0,018 
413 Dioxins, measured as 2,3,7,8-tetrachlorodibenzo-p-dioxin Air low. pop. pg 0,079 70,444 0,106 0,104 
414 Ethane Air low. pop. mg 0,014 39,802 0,016 0,023 
415 Ethane, 1,1,1,2-tetrafluoro-, HFC-134a Air low. pop. ng 0,284 525,232 0,284 1,098 
416 Ethane, 1,2-dichloro-1,1,2,2-tetrafluoro-, CFC-114 Air low. pop. µg 0,003 5,177 0,003 0,012 
417 Ethanol Air low. pop. µg 0,001 2,725 0,001 0,006 
418 Ethene Air low. pop. µg 15,316 399,949 21,901 12,022 
419 Ethylene oxide Air low. pop. pg 0,024 14,441 0,028 0,059 
420 Ethyne Air low. pop. µg 0,496 12,294 0,709 0,387 
421 Fluorine Air low. pop. µg 0,054 47,484 0,074 0,069 
422 Formaldehyde Air low. pop. mg 0,000 1,288 0,000 0,001 
423 Heat, waste Air low. pop. MJ 0,005 8,102 0,005 0,017 
424 Helium Air low. pop. µg 1,590 377,109 1,244 9,032 
425 Hexane Air low. pop. µg 0,111 215,451 0,111 0,419 
426 Hydrocarbons, aliphatic, alkanes, unspec. Air low. pop. mg 0,001 3,263 0,001 0,002 
427 Hydrocarbons, aliphatic, unsaturated Air low. pop. µg 0,799 908,160 1,060 1,117 
428 Hydrocarbons, aromatic Air low. pop. mg 0,000 1,229 0,000 0,001 
429 Hydrogen-3, Tritium Air low. pop. Bq 0,057 128,259 0,060 0,194 
430 Hydrogen chloride Air low. pop. mg 0,012 35,032 0,014 0,024 
431 Hydrogen fluoride Air low. pop. mg 0,003 8,492 0,003 0,006 
432 Hydrogen sulfide Air low. pop. mg 0,015 5,432 0,021 0,013 
433 Iodine Air low. pop. µg 0,082 257,314 0,097 0,179 
434 Iodine-129 Air low. pop. mBq 0,010 22,550 0,011 0,036 
435 Iodine-131 Air low. pop. Bq 0,000 1,326 0,001 0,001 
436 Iodine-133 Air low. pop. µBq 0,072 23,886 0,056 0,429 
437 Iron Air low. pop. µg 2,291 83,801 3,276 1,803 
438 Krypton-85 Air low. pop. Bq 0,004 10,481 0,004 0,011 
439 Krypton-85m Air low. pop. mBq 0,933 455,757 0,741 5,329 
440 Krypton-87 Air low. pop. mBq 0,240 191,515 0,202 1,270 
441 Krypton-88 Air low. pop. mBq 0,293 184,321 0,239 1,614 
442 Krypton-89 Air low. pop. mBq 0,112 44,292 0,087 0,655 
443 Lanthanum-140 Air low. pop. µBq 0,005 1,707 0,004 0,031 
444 Lead Air low. pop. µg 0,603 916,804 0,780 1,019 
445 Lead-210 Air low. pop. mBq 0,034 96,565 0,039 0,091 
446 Magnesium Air low. pop. µg 1,989 50,095 2,845 1,559 
447 Manganese Air low. pop. µg 0,093 131,097 0,123 0,139 
448 Manganese-54 Air low. pop. nBq 0,482 158,923 0,371 2,857 
449 Mercury Air low. pop. µg 0,010 19,866 0,010 0,031 
450 Methane, biogenic Air low. pop. mg 0,004 9,758 0,005 0,013 
451 Methane, bromochlorodifluoro-, Halon 1211 Air low. pop. µg 0,002 11,182 0,002 0,005 
452 Methane, bromotrifluoro-, Halon 1301 Air low. pop. µg 0,011 5,073 0,009 0,059 
453 Methane, chlorodifluoro-, HCFC-22 Air low. pop. µg 0,011 46,233 0,012 0,024 
454 Methane, dichlorodifluoro-, CFC-12 Air low. pop. ng 0,009 42,015 0,010 0,019 
455 Methane, fossil Air low. pop. g 0,006 2,478 0,007 0,016 
456 Methanol Air low. pop. mg 0,001 11,943 0,001 0,001 
457 Molybdenum Air low. pop. µg 0,002 4,423 0,003 0,003 
458 Nickel Air low. pop. µg 0,576 562,475 0,768 0,829 
459 Niobium-95 Air low. pop. nBq 0,057 18,866 0,044 0,339 
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460 Nitrogen oxides Air low. pop. mg 1,603 954,771 2,032 3,089 
461 NMVOC, non-methane volatile organic compounds, unspec. origin Air low. pop. mg 0,720 322,161 0,714 2,911 
462 Noble gases, radioactive, unspec. Air low. pop. Bq 99,550 216690,201 103,069 348,683 
463 PAH, polycyclic aromatic hydrocarbons Air low. pop. µg 0,036 17,053 0,048 0,050 
464 Particulates, < 2.5 um Air low. pop. mg 0,617 222,246 0,802 1,076 
465 Particulates, > 10 um Air low. pop. mg 4,954 635,387 6,739 6,554 
466 Particulates, > 2.5 um, and < 10um Air low. pop. mg 2,864 144,875 3,984 3,125 
467 Pentane Air low. pop. µg 0,207 609,687 0,239 0,497 
468 Phenol Air low. pop. µg 0,108 586,487 0,104 0,449 
469 Phenol, pentachloro- Air low. pop. µg 0,003 7,970 0,003 0,007 
470 Phosphorus Air low. pop. ng 32,715 917,243 46,784 25,636 
471 Plutonium-238 Air low. pop. nBq 0,001 3,076 0,001 0,005 
472 Plutonium-alpha Air low. pop. nBq 0,003 7,052 0,003 0,011 
473 Polonium-210 Air low. pop. mBq 0,059 168,850 0,067 0,152 
474 Potassium Air low. pop. µg 0,657 16,842 0,939 0,514 
475 Potassium-40 Air low. pop. mBq 0,006 19,553 0,007 0,014 
476 Propane Air low. pop. mg 0,005 11,451 0,006 0,008 
477 Propene Air low. pop. µg 1,016 91,016 1,448 0,831 
478 Protactinium-234 Air low. pop. mBq 0,002 3,062 0,002 0,006 
479 Radioactive species, other beta emitters Air low. pop. µBq 0,060 154,178 0,066 0,169 
480 Radium-226 Air low. pop. mBq 0,060 123,516 0,061 0,215 
481 Radium-228 Air low. pop. mBq 0,002 7,310 0,003 0,005 
482 Radon-222 Air low. pop. Bq 4,872 9470,761 4,894 18,450 
483 Ruthenium-103 Air low. pop. nBq 0,013 4,145 0,010 0,075 
484 Scandium Air low. pop. ng 1,291 32,019 1,846 1,009 
485 Selenium Air low. pop. µg 0,021 62,162 0,026 0,047 
486 Silicon Air low. pop. µg 8,176 267,312 11,684 6,473 
487 Silicon tetrafluoride Air low. pop. ng 0,116 137,814 0,150 0,169 
488 Silver Air low. pop. pg 0,314 402,797 0,269 1,060 
489 Silver-110 Air low. pop. nBq 0,125 41,079 0,096 0,738 
490 Sodium Air low. pop. µg 0,327 8,139 0,467 0,255 
491 Strontium Air low. pop. µg 0,088 74,646 0,120 0,098 
492 Styrene Air low. pop. ng 0,035 101,475 0,041 0,089 
493 Sulfur dioxide Air low. pop. g 0,002 2,650 0,002 0,003 
494 Sulfur hexafluoride Air low. pop. ng 0,368 47,446 0,524 0,310 
495 Thallium Air low. pop. ng 0,328 11,627 0,469 0,259 
496 Thorium Air low. pop. ng 1,291 32,022 1,846 1,009 
497 Thorium-228 Air low. pop. mBq 0,001 3,937 0,001 0,003 
498 Thorium-230 Air low. pop. mBq 0,006 11,595 0,006 0,022 
499 Thorium-232 Air low. pop. mBq 0,002 6,186 0,002 0,004 
500 Thorium-234 Air low. pop. mBq 0,002 3,062 0,002 0,006 
501 Tin Air low. pop. µg 0,083 54,631 0,116 0,088 
502 Titanium Air low. pop. µg 0,199 4,931 0,284 0,155 
503 Toluene Air low. pop. µg 0,965 530,309 1,325 1,093 
504 Uranium Air low. pop. ng 0,656 16,282 0,939 0,513 
505 Uranium-234 Air low. pop. mBq 0,019 35,972 0,019 0,070 
506 Uranium-235 Air low. pop. mBq 0,001 1,735 0,001 0,003 
507 Uranium-238 Air low. pop. mBq 0,024 52,076 0,025 0,080 
508 Uranium alpha Air low. pop. mBq 0,086 167,144 0,086 0,325 
509 Vanadium Air low. pop. µg 0,021 27,269 0,028 0,026 
510 water Air low. pop. ng 0,160 98,012 0,191 0,398 
511 Xenon-131m Air low. pop. mBq 1,213 872,777 1,006 6,543 
512 Xenon-133 Air low. pop. Bq 0,043 27,489 0,035 0,236 
513 Xenon-133m Air low. pop. mBq 0,076 124,795 0,074 0,316 
514 Xenon-135 Air low. pop. Bq 0,017 11,292 0,014 0,095 
515 Xenon-135m Air low. pop. Bq 0,011 6,624 0,009 0,059 
516 Xenon-137 Air low. pop. mBq 0,307 121,451 0,239 1,792 
517 Xenon-138 Air low. pop. Bq 0,002 1,095 0,002 0,014 
518 Xylene Air low. pop. mg 0,002 3,882 0,002 0,003 
519 Zinc Air low. pop. mg 0,002 1,890 0,002 0,002 
520 Zinc-65 Air low. pop. nBq 2,406 793,543 1,852 14,266 
521 Zirconium Air low. pop. ng 15,903 394,671 22,747 12,431 
522 Zirconium-95 Air low. pop. nBq 2,352 775,659 1,811 13,944 
523 Radon-222 Air low. pop.,longterm Bq 203,635 396883,710 204,524 771,378 
524 Benzene Air strato+troposphere pg 0,016 9,583 0,019 0,039 
525 Butadiene Air strato+troposphere pg 0,015 9,079 0,018 0,037 
526 Cadmium Air strato+troposphere pg 0,000 0,005 0,000 0,000 
527 Carbon dioxide, fossil Air strato+troposphere µg 0,002 1,513 0,003 0,006 
528 Carbon monoxide, fossil Air strato+troposphere ng 0,003 1,777 0,003 0,007 
529 Chromium Air strato+troposphere pg 0,000 0,024 0,000 0,000 
530 Copper Air strato+troposphere pg 0,001 0,817 0,002 0,003 
531 Dinitrogen monoxide Air strato+troposphere pg 0,024 14,411 0,028 0,059 
532 Ethylene oxide Air strato+troposphere pg 0,143 87,762 0,171 0,357 
533 Formaldehyde Air strato+troposphere pg 0,123 75,661 0,147 0,308 
534 Heat, waste Air strato+troposphere J 0,000 0,022 0,000 0,000 
535 Hydrogen chloride Air strato+troposphere pg 0,001 0,413 0,001 0,002 
536 Lead Air strato+troposphere pg 0,000 0,010 0,000 0,000 
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537 Mercury Air strato+troposphere pg 0,000 0,000 0,000 0,000 
538 Methane, fossil Air strato+troposphere pg 0,039 24,019 0,047 0,098 
539 Nickel Air strato+troposphere pg 0,000 0,034 0,000 0,000 
540 Nitrogen oxides Air strato+troposphere ng 0,011 6,725 0,013 0,027 
541 NMVOC, non-methane volatile organic compounds, unspec. origin Air strato+troposphere pg 0,526 322,306 0,627 1,310 
542 Particulates, < 2.5 um Air strato+troposphere pg 0,030 18,254 0,035 0,074 
543 Selenium Air strato+troposphere pg 0,000 0,005 0,000 0,000 
544 Sulfur dioxide Air strato+troposphere pg 0,784 480,368 0,934 1,953 
545 water Air strato+troposphere ng 0,972 595,642 1,158 2,421 
546 Zinc Air strato+troposphere pg 0,001 0,480 0,001 0,002 
547 Aluminum Water  µg 0,006 5,899 0,006 0,023 
548 AOX, Adsorbable Organic Halogen as Cl Water  µg 0,001 22,509 0,001 0,001 
549 Arsenic, ion Water  µg 6,333 132,110 9,061 4,934 
550 BOD5, Biological Oxygen Demand Water  mg 9,512 203,566 13,609 7,413 
551 Cadmium, ion Water  µg 6,337 136,327 9,065 4,948 
552 Chloride Water  g 0,002 1,749 0,002 0,010 
553 Chromium VI Water  µg 6,333 132,826 9,061 4,936 
554 Chromium, ion Water  µg 0,022 18,988 0,020 0,080 
555 COD, Chemical Oxygen Demand Water  mg 9,513 210,540 13,610 7,414 
556 Copper, ion Water  µg 31,689 677,526 45,326 24,764 
557 Cyanide Water  mg 0,063 1,321 0,091 0,049 
558 DOC, Dissolved Organic Carbon Water  mg 3,724 83,430 5,328 2,902 
559 Fluoride Water  µg 0,017 83,113 0,014 0,061 
560 Formaldehyde Water  mg 0,000 2,251 0,000 0,000 
561 Heat, waste Water  kJ 0,002 9,677 0,002 0,005 
562 Hydrocarbons, unspec. Water  µg 0,037 44,812 0,036 0,120 
563 Iron, ion Water  mg 0,226 5,579 0,322 0,180 
564 Lead Water  µg 12,702 275,209 18,167 9,931 
565 Manganese Water  µg 0,012 14,500 0,012 0,039 
566 Mercury Water  µg 0,634 13,922 0,907 0,495 
567 Methanol Water  µg 0,029 675,285 0,039 0,037 
568 Nickel, ion Water  µg 31,691 686,065 45,329 24,764 
569 Oils, unspec. Water  mg 0,634 13,430 0,907 0,494 
570 Phenol Water  µg 0,010 225,095 0,013 0,012 
571 Phosphorus Water  µg 0,010 225,105 0,013 0,012 
572 Sodium, ion Water  mg 0,148 65,580 0,127 0,667 
573 Sulfate Water  µg 0,016 11,274 0,015 0,064 
574 Suspended solids, unspec. Water  mg 0,003 4,500 0,003 0,011 
575 TOC, Total Organic Carbon Water  mg 3,724 83,430 5,328 2,902 
576 Zinc, ion Water  mg 0,128 3,197 0,182 0,103 
577 Aluminum Water groundwater µg 0,826 809,370 1,057 1,491 
578 Ammonium, ion Water groundwater µg 0,605 143,139 0,799 0,980 
579 Antimony Water groundwater µg 0,024 81,620 0,029 0,044 
580 Arsenic, ion Water groundwater µg 0,121 381,613 0,143 0,264 
581 Barium Water groundwater µg 0,082 159,147 0,082 0,309 
582 Beryllium Water groundwater ng 0,036 115,276 0,043 0,076 
583 BOD5, Biological Oxygen Demand Water groundwater µg 0,113 28,552 0,154 0,145 
584 Boron Water groundwater µg 0,062 187,478 0,073 0,143 
585 Bromine Water groundwater µg 0,059 178,496 0,069 0,136 
586 Cadmium, ion Water groundwater ng 0,054 86,070 0,058 0,175 
587 Calcium, ion Water groundwater µg 0,291 871,704 0,340 0,678 
588 Chloride Water groundwater g 0,008 1,733 0,011 0,015 
589 Chlorine Water groundwater µg 0,046 90,149 0,046 0,175 
590 Chromium VI Water groundwater µg 0,048 155,227 0,058 0,101 
591 Chromium, ion Water groundwater µg 0,012 22,566 0,012 0,044 
592 Cobalt Water groundwater µg 0,001 1,289 0,001 0,002 
593 COD, Chemical Oxygen Demand Water groundwater µg 0,113 28,552 0,154 0,145 
594 Copper, ion Water groundwater µg 0,005 7,754 0,005 0,016 
595 Fluoride Water groundwater µg 1,838 503,550 2,425 2,996 
596 Iodide Water groundwater µg 0,008 22,731 0,009 0,017 
597 Iron, ion Water groundwater mg 0,129 384,275 0,150 0,296 
598 Lead Water groundwater ng 0,229 65,241 0,312 0,296 
599 Lead-210 Water groundwater µBq 0,037 44,024 0,048 0,054 
600 Magnesium Water groundwater µg 0,054 162,751 0,063 0,125 
601 Manganese Water groundwater µg 0,838 214,645 1,115 1,298 
602 Mercury Water groundwater pg 0,075 226,810 0,088 0,174 
603 Molybdenum Water groundwater µg 0,126 421,243 0,152 0,250 
604 Nickel, ion Water groundwater µg 0,061 15,859 0,081 0,099 
605 Nitrate Water groundwater mg 0,293 3,598 0,421 0,221 
606 Phosphate Water groundwater µg 0,164 15,445 0,233 0,137 
607 Polonium-210 Water groundwater µBq 0,057 66,993 0,073 0,082 
608 Potassium-40 Water groundwater µBq 0,004 5,321 0,006 0,007 
609 Potassium, ion Water groundwater mg 0,013 38,494 0,015 0,029 
610 Radium-226 Water groundwater µBq 0,042 49,384 0,054 0,061 
611 Rubidium Water groundwater µg 0,001 2,191 0,001 0,004 
612 Scandium Water groundwater µg 0,005 16,052 0,006 0,012 
613 Selenium Water groundwater µg 0,014 44,009 0,017 0,030 
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614 Silicon Water groundwater mg 0,010 30,767 0,012 0,024 
615 Silver, ion Water groundwater ng 0,050 98,087 0,051 0,191 
616 Sodium, ion Water groundwater mg 0,023 70,920 0,027 0,054 
617 Solids, inorganic Water groundwater mg 0,301 846,756 0,357 0,667 
618 Solved solids Water groundwater mg 0,122 30,699 0,166 0,160 
619 Strontium Water groundwater µg 3,027 727,745 3,998 4,908 
620 Sulfate Water groundwater g 0,001 1,618 0,001 0,002 
621 Thallium Water groundwater ng 0,001 3,433 0,001 0,003 
622 Thorium-228 Water groundwater nBq 0,456 539,762 0,588 0,662 
623 Tin, ion Water groundwater ng 0,231 71,536 0,314 0,301 
624 Titanium, ion Water groundwater µg 0,053 108,256 0,054 0,194 
625 Tungsten Water groundwater µg 0,015 44,717 0,017 0,035 
626 Uranium-238 Water groundwater µBq 0,019 22,586 0,025 0,028 
627 Vanadium, ion Water groundwater µg 0,027 57,339 0,028 0,094 
628 Zinc, ion Water groundwater µg 0,069 30,617 0,088 0,130 
629 Aluminum Water groundwater,longterm g 0,219 1,028 0,147 1,262 
630 Ammonium, ion Water groundwater,longterm µg 0,062 105,759 0,069 0,174 
631 Antimony Water groundwater,longterm mg 4,253 6,754 2,940 28,333 
632 Arsenic, ion Water groundwater,longterm µg 1,560 18,220 0,921 4,611 
633 Barium Water groundwater,longterm mg 0,618 12,435 0,361 1,374 
634 Beryllium Water groundwater,longterm µg 0,035 94,497 0,046 0,966 
635 BOD5, Biological Oxygen Demand Water groundwater,longterm g 0,310 0,582 0,212 1,963 
636 Boron Water groundwater,longterm mg 1,171 17,305 0,811 7,745 
637 Bromine Water groundwater,longterm mg 1,121 1,888 0,775 7,490 
638 Cadmium, ion Water groundwater,longterm µg 37,896 93,964 26,117 249,935 
639 Calcium, ion Water groundwater,longterm g 0,219 3,055 0,146 1,140 
640 Chloride Water groundwater,longterm mg 39,998 79,510 27,604 263,801 
641 Chromium VI Water groundwater,longterm mg 2,748 6,932 1,914 18,185 
642 Cobalt Water groundwater,longterm mg 0,036 5,269 0,033 0,202 
643 COD, Chemical Oxygen Demand Water groundwater,longterm g 0,950 1,774 0,651 6,015 
644 Copper, ion Water groundwater,longterm mg 7,109 22,020 4,389 23,239 
645 DOC, Dissolved Organic Carbon Water groundwater,longterm g 0,375 0,708 0,257 2,375 
646 Fluoride Water groundwater,longterm mg 8,432 33,980 5,817 55,561 
647 Heat, waste Water groundwater,longterm kJ 0,001 1,988 0,001 0,003 
648 Hydrogen sulfide Water groundwater,longterm µg 13,253 795,343 8,418 16,559 
649 Iodide Water groundwater,longterm pg 0,139 276,062 0,157 0,374 
650 Iron, ion Water groundwater,longterm mg 46,196 487,234 26,929 84,600 
651 Lead Water groundwater,longterm mg 1,599 1,937 0,999 6,057 
652 Magnesium Water groundwater,longterm mg 24,121 391,568 15,249 92,571 
653 Manganese Water groundwater,longterm mg 1,081 7,728 0,643 2,545 
654 Mercury Water groundwater,longterm µg 26,931 41,415 18,489 174,155 
655 Molybdenum Water groundwater,longterm µg 7,225 18,356 4,201 13,614 
656 Nickel, ion Water groundwater,longterm mg 1,423 19,606 0,965 7,100 
657 Nitrate Water groundwater,longterm mg 0,467 1,878 0,272 1,222 
658 Nitrite Water groundwater,longterm µg 0,003 5,753 0,004 0,009 
659 Nitrogen, organic bound Water groundwater,longterm µg 0,101 172,708 0,112 0,285 
660 Phosphate Water groundwater,longterm mg 36,117 73,835 25,380 236,907 
661 Potassium, ion Water groundwater,longterm g 0,234 0,380 0,161 1,534 
662 Scandium Water groundwater,longterm µg 0,046 151,499 0,057 0,086 
663 Selenium Water groundwater,longterm µg 64,744 184,933 44,743 432,718 
664 Silicon Water groundwater,longterm g 0,843 9,834 0,593 5,534 
665 Silver, ion Water groundwater,longterm µg 6,793 9,643 4,480 35,963 
666 Sodium, ion Water groundwater,longterm mg 139,456 280,843 94,441 842,126 
667 Strontium Water groundwater,longterm mg 0,005 10,149 0,006 0,206 
668 Sulfate Water groundwater,longterm g 0,588 2,969 0,407 3,882 
669 Thallium Water groundwater,longterm µg 0,464 12,924 0,328 3,534 
670 Tin, ion Water groundwater,longterm mg 0,438 0,824 0,281 1,991 
671 Titanium, ion Water groundwater,longterm mg 0,080 31,940 0,108 0,755 
672 TOC, Total Organic Carbon Water groundwater,longterm g 0,375 0,708 0,257 2,375 
673 Tungsten Water groundwater,longterm µg 0,033 102,053 0,039 0,070 
674 Vanadium, ion Water groundwater,longterm mg 0,488 3,995 0,339 3,337 
675 Zinc, ion Water groundwater,longterm mg 7,044 12,633 4,710 39,895 
676 Calcium, ion Water lake mg 0,002 5,585 0,002 0,008 
677 DOC, Dissolved Organic Carbon Water lake mg 0,000 26,013 0,000 0,000 
678 Acenaphthene Water ocean ng 0,014 18,909 0,015 0,053 
679 Acenaphthylene Water ocean ng 0,001 1,183 0,001 0,003 
680 Actinides, radioactive, unspec. Water ocean mBq 0,017 36,628 0,017 0,059 
681 Aluminum Water ocean mg 0,001 1,233 0,001 0,003 
682 Ammonium, ion Water ocean µg 0,252 263,004 0,252 0,953 
683 AOX, Adsorbable Organic Halogen as Cl Water ocean µg 0,001 1,132 0,001 0,003 
684 Arsenic, ion Water ocean µg 0,003 3,886 0,004 0,007 
685 Barite Water ocean mg 0,032 66,562 0,033 0,106 
686 Barium Water ocean mg 0,002 2,651 0,002 0,007 
687 Benzene Water ocean µg 0,190 251,458 0,193 0,702 
688 Benzene, ethyl- Water ocean µg 0,055 72,973 0,056 0,204 
689 BOD5, Biological Oxygen Demand Water ocean mg 0,377 317,103 0,343 1,730 
690 Boron Water ocean µg 0,019 24,888 0,019 0,070 
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691 Bromine Water ocean mg 0,002 2,128 0,002 0,006 
692 Cadmium, ion Water ocean µg 0,001 1,299 0,001 0,003 
693 Calcium, ion Water ocean mg 0,096 114,252 0,106 0,294 
694 Carboxylic acids, unspec. Water ocean mg 0,013 17,522 0,013 0,048 
695 Cesium Water ocean µg 0,002 3,040 0,002 0,009 
696 Cesium-137 Water ocean Bq 0,002 4,197 0,002 0,007 
697 Chloride Water ocean g 0,001 1,525 0,001 0,004 
698 Chlorinated solvents, unspec. Water ocean pg 0,003 0,338 0,004 0,002 
699 Chromium, ion Water ocean µg 0,011 15,751 0,012 0,041 
700 Cobalt Water ocean ng 0,058 126,438 0,060 0,203 
701 COD, Chemical Oxygen Demand Water ocean mg 0,380 320,239 0,346 1,743 
702 Copper, ion Water ocean µg 0,003 5,024 0,003 0,009 
703 Cyanide Water ocean µg 0,008 10,766 0,008 0,030 
704 DOC, Dissolved Organic Carbon Water ocean mg 0,117 104,967 0,108 0,525 
705 Fluoride Water ocean µg 0,491 514,222 0,581 1,179 
706 Glutaraldehyde Water ocean µg 0,004 8,218 0,004 0,013 
707 Hydrocarbons, aliphatic, alkanes, unspec. Water ocean µg 0,299 395,199 0,304 1,106 
708 Hydrocarbons, aliphatic, unsaturated Water ocean µg 0,028 36,480 0,028 0,102 
709 Hydrocarbons, aromatic Water ocean mg 0,001 1,720 0,001 0,005 
710 Hydrocarbons, unspec. Water ocean mg 0,001 1,252 0,001 0,002 
711 Hydrogen-3, Tritium Water ocean Bq 4,006 8720,293 4,148 14,034 
712 Hypochlorite Water ocean µg 0,104 351,699 0,125 0,200 
713 Iodide Water ocean µg 0,230 304,000 0,233 0,851 
714 Iron, ion Water ocean µg 0,139 163,832 0,147 0,469 
715 Lead Water ocean µg 0,018 26,437 0,018 0,065 
716 Lead-210 Water ocean mBq 0,064 51,959 0,086 0,079 
717 Magnesium Water ocean mg 0,013 16,752 0,013 0,047 
718 Manganese Water ocean µg 0,103 134,755 0,104 0,376 
719 Mercury Water ocean ng 0,060 122,019 0,062 0,202 
720 Methanol Water ocean µg 0,034 164,208 0,037 0,069 
721 Molybdenum Water ocean ng 0,476 622,206 0,484 1,747 
722 Nickel, ion Water ocean µg 0,002 2,274 0,002 0,005 
723 Nitrate Water ocean mg 0,002 3,248 0,002 0,006 
724 Nitrite Water ocean µg 0,026 56,832 0,027 0,091 
725 Nitrogen Water ocean µg 0,010 16,252 0,011 0,038 
726 Nitrogen, organic bound Water ocean µg 0,456 910,408 0,514 1,292 
727 Oils, unspec. Water ocean mg 0,119 100,986 0,108 0,550 
728 PAH, polycyclic aromatic hydrocarbons Water ocean µg 0,018 24,125 0,019 0,067 
729 Phenol Water ocean µg 0,290 386,959 0,295 1,069 
730 Phosphate Water ocean µg 1,087 876,530 1,453 1,335 
731 Phosphorus Water ocean µg 0,019 25,139 0,019 0,069 
732 Polonium-210 Water ocean mBq 0,098 79,293 0,131 0,121 
733 Potassium-40 Water ocean mBq 0,008 6,280 0,010 0,010 
734 Potassium, ion Water ocean mg 0,010 12,847 0,010 0,036 
735 Radioactive species, Nuclides, unspec. Water ocean Bq 0,010 21,898 0,010 0,035 
736 Radium-224 Water ocean mBq 0,115 152,000 0,117 0,425 
737 Radium-226 Water ocean mBq 0,257 301,710 0,284 0,770 
738 Radium-228 Water ocean mBq 0,230 304,000 0,233 0,851 
739 Rubidium Water ocean µg 0,023 30,400 0,023 0,085 
740 Selenium Water ocean ng 0,714 932,602 0,726 2,618 
741 Silicon Water ocean µg 0,001 1,926 0,001 0,005 
742 Silver, ion Water ocean µg 0,001 1,824 0,001 0,005 
743 Sodium, ion Water ocean mg 0,705 930,595 0,715 2,604 
744 Strontium Water ocean mg 0,014 18,283 0,014 0,051 
745 Strontium-90 Water ocean mBq 0,214 466,646 0,222 0,751 
746 Sulfate Water ocean mg 0,266 59,262 0,367 0,262 
747 Sulfide Water ocean µg 0,007 10,620 0,007 0,024 
748 Sulfite Water ocean pg 0,001 1,051 0,001 0,003 
749 Sulfur Water ocean µg 0,034 51,630 0,034 0,123 
750 Suspended solids, unspec. Water ocean mg 0,114 237,556 0,117 0,381 
751 t-Butyl methyl ether Water ocean µg 0,015 19,715 0,015 0,055 
752 Thorium-228 Water ocean mBq 0,461 608,636 0,468 1,702 
753 Titanium, ion Water ocean ng 0,196 303,727 0,184 0,813 
754 TOC, Total Organic Carbon Water ocean mg 0,117 104,969 0,108 0,525 
755 Toluene Water ocean µg 0,342 439,775 0,346 1,265 
756 Tributyltin compounds Water ocean µg 0,068 17,685 0,091 0,103 
757 Triethylene glycol Water ocean µg 0,028 136,200 0,031 0,057 
758 Uranium-238 Water ocean mBq 0,033 26,658 0,044 0,041 
759 Vanadium, ion Water ocean µg 0,001 1,860 0,001 0,005 
760 VOC, volatile organic compounds, unspec. origin Water ocean mg 0,001 1,064 0,001 0,003 
761 Xylene Water ocean µg 0,272 360,053 0,276 1,005 
762 Zinc, ion Water ocean mg 0,002 3,407 0,002 0,006 
763 Acenaphthene Water river ng 0,062 38,341 0,054 0,310 
764 Acenaphthylene Water river ng 0,004 2,398 0,003 0,019 
765 Acetic acid Water river µg 0,056 30,012 0,067 0,126 
766 Acidity, unspec. Water river mg 47,002 30,339 55,903 28,403 
767 Aluminum Water river mg 0,500 7,554 18,213 2,383 
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768 Ammonium, ion Water river mg 10,708 3,989 9,530 67,513 
769 Antimony Water river mg 2,314 3,608 1,600 15,431 
770 Antimony-122 Water river µBq 0,036 11,864 0,028 0,213 
771 Antimony-124 Water river mBq 0,004 5,802 0,004 0,017 
772 Antimony-125 Water river mBq 0,003 4,977 0,003 0,015 
773 AOX, Adsorbable Organic Halogen as Cl Water river mg 0,000 0,027 0,000 3,320 
774 Arsenic, ion Water river mg 0,156 0,809 0,108 1,036 
775 Barium Water river mg 0,009 5,401 0,008 0,044 
776 Barium-140 Water river µBq 0,158 51,972 0,121 0,934 
777 Benzene Water river µg 1,492 961,557 1,648 4,612 
778 Benzene, ethyl- Water river µg 0,240 147,947 0,207 1,197 
779 Beryllium Water river ng 0,095 188,126 0,101 1,023 
780 BOD5, Biological Oxygen Demand Water river g 0,154 3,713 0,036 0,106 
781 Boron Water river µg 13,918 352,599 9,133 68,670 
782 Bromate Water river µg 3,827 282,198 2,597 304,100 
783 Bromine Water river mg 4,597 12,211 3,179 30,667 
784 Butene Water river ng 0,061 56,328 0,052 0,202 
785 Cadmium, ion Water river µg 0,096 9,959 0,066 0,592 
786 Calcium, ion Water river mg 22,214 314,795 1,251 135,881 
787 Carbonate Water river g 0,026 0,115 0,031 9,220 
788 Carboxylic acids, unspec. Water river mg 0,037 22,687 0,032 0,184 
789 Cerium-141 Water river µBq 0,063 20,779 0,049 0,374 
790 Cerium-144 Water river µBq 0,019 6,326 0,015 0,114 
791 Cesium Water river µg 0,010 6,164 0,009 0,050 
792 Cesium-134 Water river mBq 0,002 4,530 0,002 0,007 
793 Cesium-136 Water river µBq 0,011 3,688 0,009 0,066 
794 Cesium-137 Water river mBq 0,022 15,534 0,018 0,121 
795 Chlorate Water river mg 0,029 2,473 0,020 71,685 
796 Chloride Water river g 0,392 4,187 1,292 33,914 
797 Chlorinated solvents, unspec. Water river µg 0,220 332,811 0,213 720,054 
798 Chlorine Water river mg 0,000 0,470 0,000 1,921 
799 Chloroform Water river pg 0,001 1,019 0,001 0,003 
800 Chromium-51 Water river mBq 0,012 6,045 0,010 0,070 
801 Chromium VI Water river mg 0,870 2,576 0,606 5,769 
802 Chromium, ion Water river µg 0,767 39,156 0,455 1,542 
803 Cobalt Water river µg 0,091 10,300 0,106 0,273 
804 Cobalt-57 Water river µBq 0,355 117,069 0,273 2,105 
805 Cobalt-58 Water river mBq 0,059 45,327 0,049 0,319 
806 Cobalt-60 Water river mBq 0,051 35,612 0,042 0,281 
807 COD, Chemical Oxygen Demand Water river g 0,204 104,369 0,182 1,406 
808 Copper, ion Water river µg 78,837 513,679 63,526 549,289 
809 Cumene Water river µg 1,067 839,345 1,358 1,913 
810 Cyanide Water river µg 195,192 636,279 199,170 20,616 
811 Dichromate Water river µg 0,007 7,072 0,005 0,022 
812 DOC, Dissolved Organic Carbon Water river mg 1,232 760,014 1,099 5,760 
813 Ethane, 1,2-dichloro- Water river µg 0,002 292,885 0,003 543,005 
814 Ethene Water river µg 0,223 48,918 0,274 0,447 
815 Ethene, chloro- Water river mg 0,000 0,293 0,000 6,170 
816 Ethylene diamine Water river ng 0,007 2,802 0,008 0,012 
817 Ethylene oxide Water river ng 0,017 82,249 0,017 0,067 
818 Fluoride Water river mg 18,789 2,969 1,223 3,193 
819 Fluosilicic acid Water river µg 0,016 31,767 0,018 0,051 
820 Formaldehyde Water river µg 0,020 4,959 0,028 0,021 
821 Heat, waste Water river kJ 9,123 403,867 5,405 25,872 
822 Hydrocarbons, aliphatic, alkanes, unspec. Water river µg 1,301 801,334 1,123 6,483 
823 Hydrocarbons, aliphatic, unsaturated Water river µg 0,120 73,969 0,104 0,598 
824 Hydrocarbons, aromatic Water river mg 0,005 3,239 0,005 0,026 
825 Hydrocarbons, unspec. Water river mg 79,804 456,090 117,005 393,005 
826 Hydrogen-3, Tritium Water river Bq 0,440 925,782 0,451 1,577 
827 Hydrogen peroxide Water river µg 0,001 2,218 0,001 0,004 
828 Hydrogen sulfide Water river µg 0,797 26,489 1,140 0,627 
829 Hydroxide Water river µg 0,008 16,560 0,008 0,029 
830 Hypochlorite Water river µg 0,097 312,799 0,115 0,204 
831 Iodide Water river µg 1,165 633,003 0,975 5,808 
832 Iodine-131 Water river mBq 0,001 1,050 0,001 0,004 
833 Iodine-133 Water river µBq 0,099 32,627 0,076 0,587 
834 Iron-59 Water river µBq 0,027 8,970 0,021 0,161 
835 Iron, ion Water river mg 2,729 3,496 0,195 1,040 
836 Lanthanum-140 Water river µBq 0,168 55,355 0,129 0,995 
837 Lead Water river µg 11,765 538,974 19,881 10,530 
838 Lead-210 Water river mBq 0,014 40,943 0,017 0,037 
839 Magnesium Water river mg 3,095 42,517 0,137 0,880 
840 Manganese Water river µg 1,049 798,396 0,905 4,966 
841 Manganese-54 Water river mBq 0,004 2,751 0,003 0,019 
842 Mercury Water river µg 248,129 293,222 23,081 16,646 
843 Methane, dichloro-, HCC-30 Water river µg 0,117 134,972 0,110 0,497 
844 Methanol Water river ng 0,110 179,800 0,103 0,484 
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845 Molybdenum Water river µg 120,609 393,354 83,379 802,764 
846 Molybdenum-99 Water river µBq 0,058 19,085 0,045 0,343 
847 Nickel, ion Water river µg 75,113 627,398 60,726 260,518 
848 Niobium-95 Water river µBq 0,288 348,105 0,258 1,373 
849 Nitrate Water river mg 6,496 8,384 18,405 1,592 
850 Nitrite Water river µg 0,074 11,422 0,057 0,209 
851 Nitrogen Water river mg 7,564 12,672 4,604 26,509 
852 Nitrogen, organic bound Water river mg 0,003 2,600 0,003 0,009 
853 Oils, unspec. Water river mg 68,311 563,866 69,217 49,724 
854 PAH, polycyclic aromatic hydrocarbons Water river µg 0,067 116,890 0,062 0,290 
855 Paraffins Water river ng 0,007 36,636 0,006 0,029 
856 Phenol Water river mg 3,841 2,020 3,821 2,904 
857 Phosphate Water river µg 61,092 195,762 43,295 396,816 
858 Phosphorus Water river mg 0,464 0,386 1,492 3,171 
859 Polonium-210 Water river mBq 0,014 40,943 0,017 0,037 
860 Potassium-40 Water river mBq 0,018 51,396 0,021 0,046 
861 Potassium, ion Water river g 0,091 0,165 0,063 1,602 
862 Propene Water river µg 0,417 323,054 0,522 0,807 
863 Propylene oxide Water river µg 0,031 16,046 0,027 0,130 
864 Protactinium-234 Water river mBq 0,029 56,698 0,029 0,110 
865 Radioactive species, alpha emitters Water river µBq 0,160 157,307 0,208 0,227 
866 Radioactive species, Nuclides, unspec. Water river mBq 0,032 72,656 0,033 0,109 
867 Radium-224 Water river mBq 0,500 308,206 0,432 2,493 
868 Radium-226 Water river Bq 0,019 35,784 0,019 0,073 
869 Radium-228 Water river mBq 1,001 616,411 0,864 4,987 
870 Rubidium Water river µg 0,100 61,641 0,086 0,499 
871 Ruthenium-103 Water river µBq 0,012 4,027 0,009 0,072 
872 Scandium Water river µg 0,005 18,134 0,007 0,009 
873 Selenium Water river µg 35,186 86,707 24,341 236,182 
874 Silicon Water river mg 1,905 14,723 1,339 12,495 
875 Silver-110 Water river mBq 0,050 34,161 0,041 0,274 
876 Silver, ion Water river µg 0,020 7,523 0,015 0,113 
877 Sodium-24 Water river µBq 0,438 144,403 0,337 2,596 
878 Sodium formate Water river ng 0,307 211,231 0,331 0,684 
879 Sodium, ion Water river g 0,452 2,149 0,305 23,908 
880 Solids, inorganic Water river mg 0,268 23,618 0,357 0,289 
881 Solved solids Water river g 0,348 0,584 0,103 12,700 
882 Strontium Water river mg 0,060 37,057 0,052 0,300 
883 Strontium-89 Water river µBq 1,040 544,981 0,830 5,903 
884 Strontium-90 Water river Bq 0,013 36,098 0,015 0,035 
885 Sulfate Water river g 0,121 0,946 0,106 3,720 
886 Sulfide Water river mg 4,560 0,514 0,741 0,338 
887 Sulfite Water river mg 0,001 1,732 0,001 0,001 
888 Sulfur Water river mg 0,002 1,672 0,002 0,005 
889 Suspended solids, unspec. Water river g 2,060 0,412 0,343 5,830 
890 t-Butyl methyl ether Water river ng 0,227 33,160 0,312 0,281 
891 Technetium-99m Water river µBq 1,331 442,634 1,025 7,887 
892 Tellurium-123m Water river µBq 0,294 604,384 0,299 1,077 
893 Tellurium-132 Water river µBq 0,003 1,105 0,003 0,020 
894 Thallium Water river µg 0,002 3,393 0,002 0,008 
895 Thorium-228 Water river Bq 0,002 1,233 0,002 0,010 
896 Thorium-230 Water river Bq 0,004 7,736 0,004 0,015 
897 Thorium-232 Water river mBq 0,003 9,582 0,004 0,009 
898 Thorium-234 Water river mBq 0,029 56,704 0,029 0,110 
899 Tin, ion Water river µg 0,431 3,883 0,298 2,834 
900 Titanium, ion Water river µg 0,118 44,941 0,160 0,150 
901 TOC, Total Organic Carbon Water river mg 1,234 787,738 1,101 23,069 
902 Toluene Water river µg 1,179 703,240 1,013 5,920 
903 Tungsten Water river µg 0,005 17,555 0,007 0,009 
904 Uranium-234 Water river mBq 0,035 68,037 0,035 0,132 
905 Uranium-235 Water river mBq 0,058 112,261 0,058 0,218 
906 Uranium-238 Water river mBq 0,095 191,263 0,096 0,351 
907 Uranium alpha Water river Bq 0,002 3,266 0,002 0,006 
908 Vanadium, ion Water river µg 1,613 112,411 1,136 10,923 
909 VOC, volatile organic compounds, unspec. origin Water river mg 0,004 2,299 0,003 0,018 
910 Xylene Water river µg 0,950 583,190 0,820 4,741 
911 Zinc-65 Water river mBq 0,006 1,958 0,005 0,035 
912 Zinc, ion Water river µg 99,323 958,686 319,770 192,211 
913 Zirconium-95 Water river µBq 0,069 22,672 0,053 0,408 
914 Boron Soil  µg 0,022 47,974 0,021 0,085 
915 Cadmium Soil  ng 1,222 675,095 1,094 5,076 
916 Chloride Soil  mg 0,220 94,475 0,189 0,995 
917 Chromium Soil  µg 0,011 6,071 0,010 0,046 
918 Chromium VI Soil  µg 0,122 270,781 0,118 0,483 
919 Copper Soil  µg 0,094 179,210 0,090 0,377 
920 Fluoride Soil  µg 0,083 183,351 0,080 0,327 
921 Heat, waste Soil  kJ 0,014 27,631 0,013 0,056 
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922 Iron Soil  mg 0,086 116,102 0,103 0,205 
923 Lead Soil  µg 0,006 3,375 0,005 0,025 
924 Nickel Soil  µg 0,010 5,391 0,009 0,041 
925 Oils, biogenic Soil  µg 0,485 658,588 0,581 1,155 
926 Oils, unspec. Soil  mg 0,004 2,914 0,003 0,017 
927 Sodium Soil  µg 0,561 128,763 0,438 2,863 
928 Zinc Soil  µg 0,982 544,145 0,880 4,077 
929 Aclonifen Soil agricultural ng 26,593 309,487 38,216 20,010 
930 Aluminum Soil agricultural µg 0,785 325,327 1,018 1,019 
931 Antimony Soil agricultural ng 0,000 1,369 0,000 0,001 
932 Arsenic Soil agricultural ng 0,231 102,505 0,312 0,265 
933 Atrazine Soil agricultural ng 0,009 8,097 0,010 0,023 
934 Barium Soil agricultural ng 0,110 101,656 0,100 0,507 
935 Bentazone Soil agricultural ng 13,544 157,617 19,463 10,191 
936 Boron Soil agricultural ng 0,030 23,443 0,027 0,138 
937 Cadmium Soil agricultural µg 0,002 1,613 0,003 0,002 
938 Calcium Soil agricultural mg 0,010 4,298 0,013 0,011 
939 Carbetamide Soil agricultural ng 4,792 57,358 6,885 3,613 
940 Carbon Soil agricultural µg 1,790 506,753 1,606 4,371 
941 Chloride Soil agricultural µg 0,103 47,806 0,143 0,106 
942 Chlorothalonil Soil agricultural µg 0,014 1,716 0,019 0,018 
943 Chromium Soil agricultural µg 0,036 100,114 0,049 0,038 
944 Cobalt Soil agricultural ng 0,641 276,151 0,853 0,771 
945 Copper Soil agricultural µg 0,009 205,919 0,007 0,031 
946 Cypermethrin Soil agricultural ng 0,104 1,290 0,149 0,079 
947 Dinoseb Soil agricultural ng 3,798 466,432 5,183 4,795 
948 Fenpiclonil Soil agricultural ng 1,467 78,192 2,068 1,384 
949 Glyphosate Soil agricultural µg 0,005 2,256 0,004 0,024 
950 Iron Soil agricultural µg 1,774 469,882 1,797 3,711 
951 Lead Soil agricultural µg 0,006 26,055 0,008 0,009 
952 Linuron Soil agricultural µg 0,206 2,395 0,296 0,155 
953 Magnesium Soil agricultural µg 1,077 485,216 1,472 1,191 
954 Mancozeb Soil agricultural µg 0,018 2,234 0,025 0,023 
955 Manganese Soil agricultural µg 0,646 299,184 0,898 0,670 
956 Mercury Soil agricultural ng 0,200 5,269 0,279 0,175 
957 Metaldehyde Soil agricultural ng 0,900 11,181 1,293 0,681 
958 Metolachlor Soil agricultural µg 1,488 17,325 2,138 1,120 
959 Metribuzin Soil agricultural ng 0,639 78,526 0,873 0,807 
960 Molybdenum Soil agricultural ng 0,156 59,559 0,193 0,226 
961 Napropamide Soil agricultural ng 1,593 19,786 2,289 1,205 
962 Nickel Soil agricultural µg 0,001 67,166 0,000 0,007 
963 Orbencarb Soil agricultural ng 3,451 423,761 4,708 4,356 
964 Phosphorus Soil agricultural µg 0,315 146,407 0,439 0,325 
965 Pirimicarb Soil agricultural ng 1,284 14,941 1,845 0,966 
966 Potassium Soil agricultural µg 1,753 814,200 2,443 1,808 
967 Silicon Soil agricultural mg 0,003 1,261 0,004 0,003 
968 Silver Soil agricultural µg 0,000 2,076 0,000 0,000 
969 Strontium Soil agricultural ng 0,389 276,047 0,352 1,793 
970 Sulfur Soil agricultural µg 0,415 151,424 0,501 0,642 
971 Tebutam Soil agricultural ng 3,776 46,890 5,424 2,855 
972 Teflubenzuron Soil agricultural ng 0,043 5,229 0,058 0,054 
973 Tin Soil agricultural ng 0,153 20,622 0,114 0,433 
974 Titanium Soil agricultural µg 0,044 20,616 0,062 0,046 
975 Vanadium Soil agricultural ng 1,271 590,108 1,770 1,311 
976 Zinc Soil agricultural µg 0,084 114,443 0,111 0,109 
977 Oils, biogenic Soil forestry mg 0,013 1,523 0,019 0,011 
978 Oils, unspec. Soil forestry mg 0,492 648,973 0,498 1,816 
979 Aluminum Soil industrial mg 0,005 5,331 0,004 0,020 
980 Arsenic Soil industrial µg 0,002 2,133 0,002 0,008 
981 Barium Soil industrial mg 0,002 2,666 0,002 0,010 
982 Boron Soil industrial µg 0,046 53,314 0,044 0,196 
983 Calcium Soil industrial mg 0,018 21,326 0,017 0,079 
984 Carbon Soil industrial mg 0,014 15,994 0,013 0,059 
985 Chloride Soil industrial mg 0,016 18,660 0,015 0,069 
986 Chromium Soil industrial µg 0,023 26,657 0,022 0,098 
987 Copper Soil industrial ng 1,761 204,112 2,191 3,304 
988 Fluoride Soil industrial µg 0,231 266,569 0,218 0,982 
989 Glyphosate Soil industrial µg 0,045 61,223 0,054 0,107 
990 Heat, waste Soil industrial J 0,074 119,645 0,079 0,224 
991 Iron Soil industrial mg 0,009 10,663 0,009 0,039 
992 Magnesium Soil industrial mg 0,004 4,265 0,003 0,016 
993 Manganese Soil industrial µg 0,185 213,255 0,174 0,785 
994 Oils, unspec. Soil industrial µg 0,184 183,215 0,242 0,247 
995 Phosphorus Soil industrial µg 0,231 266,569 0,218 0,982 
996 Potassium Soil industrial mg 0,002 1,866 0,002 0,007 
997 Silicon Soil industrial µg 0,462 533,138 0,436 1,964 
998 Sodium Soil industrial mg 0,009 10,663 0,009 0,039 
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999 Strontium Soil industrial µg 0,046 53,314 0,044 0,196 
1000 Sulfur Soil industrial mg 0,003 3,199 0,003 0,012 
1001 Zinc Soil industrial µg 0,069 79,971 0,065 0,295 
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Table IV.2: BUWAL250 inventory raw data for polymer material production corresponding to Figure 6.6 and Figure 6.7 comparisons 
No Substance Compart. Sub-compartment Unit HDPE PET PP PVC 
1 Bauxite, in ground Raw in ground mg 200 310 400 220 
2 Coal, 18 MJ per kg, in ground Raw in ground g 77 140 59 330 
3 Coal, brown, 8 MJ per kg, in ground Raw in ground g 76 130 57 63 
4 Gas, natural, 36.6 MJ per m3, in ground Raw in ground l 470 430 310 400 
5 Gas, natural, feedstock, 35 MJ per m3, in ground Raw in ground l 580 320 250 330 
6 Iron ore, in ground Raw in ground mg 300 550 300 400 
7 Limestone, in ground Raw in ground g 0,2 0,27 0,2 16 
8 Oil, crude, 42.6 MJ per kg, in ground Raw in ground g 240 350 370 130 
9 Oil, crude, feedstock, 41 MJ per kg, in ground Raw in ground g 550 730 830 370 
10 Sand and clay, unspecified, in ground Raw in ground g 0,02 0,02 0,03 1,2 
11 Sodium chloride, in ground Raw in ground g 4 4,9 5 690 
12 Uranium, 451 GJ per kg, in ground Raw in ground mg 2,9 1,8 2,2 17 
13 Energy, potential, stock, in barrage water Raw in water kJ 390 550 810 840 
14 Water, process and cooling, unspecified natural origin Raw in water l 9,5 17,5 3,1 19 
15 Ammonia Air  mg 0,66 0,94 0,83 1,5 
16 Benzene Air  mg 3,2 3,7 4,4 2 
17 Cadmium Air  µg 13 16 18 14 
18 Carbon dioxide Air  kg 2,06 2,3 1,8 1,94 
19 Carbon monoxide Air  g 0,6 18 0,7 2,7 
20 Chlorine Air  mg x x x 2 
21 Dinitrogen monoxide Air  mg 4,9 5,9 5,7 6,8 
22 Hydrocarbons, aromatic Air  mg 7,4 9 10 7,3 
23 Hydrocarbons, chlorinated Air  mg x x x 720 
24 Hydrocarbons, halogenated Air  ng 170 240 210 360 
25 Hydrocarbons, unspecified Air  g x 9,4 x x 
26 Hydrogen chloride Air  mg 50 110 40 230 
27 Hydrogen fluoride Air  mg 1 5,8 1 8,8 
28 Hydrogen sulfide Air  mg x x 10 x 
29 Lead Air  µg 68 91 88 120 
30 Manganese Air  µg 21 31 27 50 
31 Mercury Air  µg 30 30 23 34 
32 Metals, unspecified Air  mg 1 10 5 3 
33 Methane Air  g 3,7 3,7 3,4 5,7 
34 Methane, bromotrifluoro-, Halon 1301 Air  µg 67 76 92 37 
35 Nickel Air  µg 720 900 960 850 
36 Nitrogen oxides Air  g 10 20 10 16 
37 NMVOC, non-methane volatile organic compounds, unspecified origin Air  g 17,3 36,3 9,6 14,3 
38 PAH, polycyclic aromatic hydrocarbons Air  µg 13 17 17 20 
39 Particulates Air  g 2 3,8 2 3,9 
40 Radioactive species, unspecified Air  kBq 250 160 190 1500 
41 Sulfur oxides Air  g 6 25 11 13 
42 Zinc Air  µg 310 370 420 270 
43 Aluminum Water  mg 98 140 120 640 
44 Ammonium, ion Water  mg 10 35 10 17 
45 AOX, Adsorbable Organic Halogen as Cl Water  µg 55 62 75 30 
46 Arsenic, ion Water  mg 0,21 0,29 0,26 1,3 
47 Barium Water  mg 43 51 58 70 
48 BOD5, Biological Oxygen Demand Water  g 0,1 1 0,06 0,08 
49 Cadmium, ion Water  µg 21 25 28 42 
50 Chloride Water  g 0,8 0,71 0,8 40 
51 Chromium Water  mg 1,1 1,6 1,4 6,5 
52 COD, Chemical Oxygen Demand Water  g 0,2 3,3 0,4 1,1 
53 Copper, ion Water  mg 0,51 0,72 0,65 3,2 
54 Cyanide Water  µg 58 67 80 40 
55 DOC, Dissolved Organic Carbon Water  g 0,02 13 0,03 1 
56 Hydrocarbons, aromatic Water  mg 13 14 17 7,3 
57 Hydrocarbons, chlorinated Water  mg 0,019 0,02 0,021 10 
58 Hydrocarbons, unspecified Water  mg x x 250 x 
59 Iron Water  mg 140 190 170 420 
60 Kjeldahl-N Water  mg 5 5,6 6,9 2,4 
61 Lead Water  mg 0,61 0,86 0,77 3,4 
62 Mercury Water  µg 1,7 1,6 1,3 1,7 
63 Metallic ions, unspecified Water  mg 300 120 300 200 
64 Nickel, ion Water  mg 0,53 0,74 0,67 3,2 
65 Nitrate Water  mg 10 14 20 10 
66 Nitrogen, total Water  mg 5 1 10 3 
67 Oils, unspecified Water  mg 30 20 40 50 
68 PAH, polycyclic aromatic hydrocarbons Water  µg 180 210 250 100 
69 Phenols, unspecified Water  mg 1,9 2,2 2,6 1,1 
70 Phosphate Water  mg 1 6,7 x 38 
71 Phosphorus pentoxide Water  mg x x 13,5 x 
72 Radioactive species, unspecified Water  kBq 2,3 1,5 1,8 14 
73 Sodium, ion Water  g x x x 2,3 
74 Solved substances, inorganic Water  g 0,6 2,28 0,29 0,61 
75 Sulfate Water  g 1,3 1,8 1,7 4,3 
76 Sulfide Water  µg 440 500 610 250 
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No Substance Compart. Sub-compartment Unit HDPE PET PP PVC 
77 Suspended substances, unspecified Water  g 0,2 0,61 0,2 2,4 
78 TOC, Total Organic Carbon Water  mg 150 400 300 480 
79 Toluene Water  mg 1,7 1,9 2,3 1 
80 Zinc, ion Water  mg 1,1 1,5 1,4 6,5 
81 Mineral waste, from mining Waste  g 18 30 14 66 
82 Waste in bioactive landfill Waste  g 13 14 16 63 
83 Waste in incineration Waste  g 0,9 1,1 1,2 0,54 
 
